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operational  scenarios,  and  task  performance,  where  combat  encounters  are  decisive  and 
usually  brief,  typically  lasting  between  30  and  90  sec. 

Questionnaires  contained  detailed  descriptions  of  the  signs  and  symptoms  of  acute 
radiation  sickness  for  exposure  from  75  to  4500  rads  (cGy)  free-in-air,  together  with 
lists  of  familiar  tasks  performed  by  crewmembers  for  the  selected  combat  encounter 
scenarios. 

The  respondents  supplied  judgmental  data  for  task  performance  capability  of  a  typical 
crewmember  for  each  of  30  or  40  illness  conditions  portrayed  b,y  the  individual  set  of  sign 
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and  symptom  descriptions.  The  effect  of  each  symptom  set  was  assessed  in  terms  of 

(1)  the  percent  of  respondents  who  judged  that  task  performance  would  be  un¬ 
affected  by  the  illness,  (2)  the  percent  of  respondents  who  judged  that  tasks 
could  not  be  performed  at  all,  and  (3)  the  extent  of  performance  degradation  based 
on  an  increase  in  time  required  for  task  completion  compared  with  the  normal  time 
expected.  In  addition  to  military  tasks,  all  respondents  judged  how  the  perform¬ 
ance  of  six  ordinary  tasks,  such  as  climbing  and  lifting,  would  be  affected  by 
the  symptom  sets. 

Questionnaire  responses  were  tabulated  and  analyzed  to  provide  predicted 
performance  information  for  separate  tasks,  individual  crewmembers,  and  crew 
types  as  well  as  respondent  demographic  data.  Predicted  performance  decrement 
profiles  versus  symptom  complex  severity  were  developed  for  various  crewmembers  and 
crew  types  to  illustrate  variations  based  on  the  kinds  of  tasks  performed  in 
combat.  In  addition  to  the  military  tasks,  ordinary  (nonmilitary)  task  response 
data  collected  from  the  questionnaires  were  analyzed  in  order  to  compare  and 
assess  the  consistency  of  prediction  between  both  groups  of  tasks. 

Rank  order  correlation  techniques  for  sample  data  were  applied  to  determine 
the  extent  of  correlation  between  tasks  performed  by  each  of  15  individual  crew¬ 
members  representing  the  four  crews  of  the  questionnaire  sample.  Rank  order  cor¬ 
relation  assessments  of  symptom  complex  severity  were  made  based  on  task  perform¬ 
ance  prediction  within  crew  position  (i.e,,  for  each  crewmember),  across  crew¬ 
members  (i.e.,  each  crew),  and  across  all  crews.  Multiple  regression  was  applied 
to  determine  the  feasibility  of  developing  performance  prediction  relationships 
based  on  symptom  complex  composition  and  severity,  and  to  identify  the  relative 
importance  of  symptom  complex  components:  (1)  upper  gastrointestinal  distress, 

(2)  lower  gastrointestinal  distress,  (3)  fatigability/weakness,  (4)  hypotension, 

(5)  hematological  effects,  and  (6)  fluid  loss/electrolyte  imbalance. 
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SUMMARY 


This  study  was  conducted  to  investigate  the  expected  effects  of 
intermediate  doses  of  radiation  on  the  performance  of  military  and  non- 
military  tasks.  Four  groups  of  operational  U.S.  Army  personnel  at  three 
sites  were  administered  questionnaires.  The  respondents  estimated  the 
effects  of  30  to  40  illness  conditions  (sets  of  symptoms)  on  performance 
of  military  tasks  specific  to  the  artillery  gun  battery,  fire  direction 
center  (FDC),  armor  tank,  or  mounted  tube-launched,  optically-tracked, 
wire-guided  (TOW)  systems.  In  addition,  all  respondents  judged  how  the 
performance  of  six  ordinary  tasks,  such  as  climbing  and  lifting,  would  be 
affected  by  the  symptom  sets,  These  sets  were  composed  of  symptom  de¬ 
scriptions  from  each  of  six  symptom  categories:  (1)  upper  gastrointestinal 
distress,  (2)  lower  gastrointestinal  distress,  (3)  fatigability/weakness, 
(4)  hypotension,  (5)  hematological  effects,  and  (6)  fluid  loss/electro¬ 
lyte  imbalance.  These  categories  wore  selected  to  represent  a  range  of 
low  to  high  severity  of  radiation  sickness. 

Preliminary  analysis  indicated  that  performance  estimates  for  tasks 
that  were  specific  to  each  crew  position  were  highly  correlated  within 
symptom  sets.  Moreover,  the  rank  order  of  symptom  sets  in  terror  of  their 
expected  severity  of  effect  on  task  performances  was  nearly  invariant 
across  tasks  within  positions.  Therefore,  tasks  were  averaged  within 
their  respective  positions  for  all  analyses  reported  here. 

The  effect  of  each  symptom  set  was  assessed  in  toms  of  (1)  the 
percent  of  respondents  who  judged  that  performance  would  be  unaffected 
by  the  illness,  (2)  the  percent  of  respondents  who  judged  that  perfor¬ 
mance  would  result  in  incapacitation,  and  (3)  the  average  expected 
degradation,  expressed  as  a  percent  of  normal  performance.  In  addi¬ 
tion,  multiple  regression  analyses  were  used  to  identify  the  relative 
importance  of  each  of  the  six  components  of  the  symptom  sets  in  deter¬ 
mining  the  expected  degree  of  impairment. 

The  order  of  perceived  severity  for  the  symptoms  and  the  mean 
levels  of  effects  were  strongly  consistent  within  and  across  types  of 
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crews.  A  large  percentage  of  respondents  expected  illness,  even  at 
mild  levels,  to  affect  performance  to  some  degree  at  all  crew  positions. 
In  addition,  incapacitation  was  expected  for  most  positions  by  20  per¬ 
cent  or  more  of  the  respondents  at  moderate  to  severe  illness  levels. 

The  data  on  the  average  percent  of  normal  performance  indicated  that 
respondents  expected  a  sharp  decline  in  crewmember  performance  across 
symptom  sets  and  ranged  between  55  and  71  percent  of  normal  performance 
for  the  various  crew  positions.  The  regression  analyses  suggested  that 
it  is  feasible  to  predict  expected  performance  through  knowledge  of 
symptom  severity  levels.  Across  crews,  approximately  43  percent  of  the 
variation  in  the  rating  was  accounted  for  by  the  symptom  components 
used  to  construct  illness  descriptions.  The  symptoms  associated  with 
fatigability/weakness  and  fluid  loss  contributed  most  substantially  to 
the  expected  levels  of  performance. 

Results  regarding  ordinary  tasks  led  to  similar  conclusions  with 
respect  to  the  expected  impairments,  with  mean  performance  across  symp¬ 
toms  ranging  between  35  and  57  percent  of  normal  performance.  The 
strongest  predictors  of  expected  performance  were  found  to  be  fati¬ 
gability  /weakness  and  fluid  loss. 
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PREFACE 


This  report  was  prepared  by  the  Organization  Research  Group  of 
Tidewater,  Inc.  (ORG)  for  the  Pacific-Sierra  Research  Corporation  (PSR), 
as  part  of  PSR  subcontract  83-0015-1  of  Defense  Nuclear  Agency  (DNA) 
government  contract  DNAQQ1-83-C-0Q15.  The  subcontract  was  monitored  for 
PSR  by  George  Anno.  Albert  S.  Glickman  was  the  principal  investigator 
and  Ben  B.  Morgan,  Jr.,  the  coprincipal  investigator  for  ORG. 

The  material  presented  reports  the  results  of  the  questionnaires 
and  the  procedures  used  in  administering  them  to  array  combat  crew  per¬ 
sonnel.  The  questionnaires  were  given  in  order  to  obtain  crew  predic¬ 
tions  on  the  extent  to  which  combat  task  performance  would  be  affected 
by  radiation  sickness  symptoms. 

The  responses  to  the  questionnaires  were  gathered  and  preliminary 
analysis  was  performed  to  provide  input  for  a  more  extensive  analysis  of 
the  data  required  for  DNA's  Intermediate  Dose  Program  (XDP)  to  assess 
the  acute  radiation  effects  on  individual  combat  crewmember  performance. 

The  authors  would  like  to  acknowledge  the  assistance  of  the  many 
individuals  who  contributed  to  the  research.  We  are  especially  grate¬ 
ful  to  George  Anno  and  Don  Wilson  of  PSR  for  their  time  and  continued 
support  of  ideas  in  all  phases  of  the  project.  They  were  responsible 
for  designing  the  questionnaire,  aiding  in  pretesting  and  data  collec¬ 
tion  efforts,  and  were  helpful  in  planning  the  statistical  analyses. 

The  feedback  provided  by  the  members  of  DNA's  1DP  Core  Group  substan¬ 
tially  added  to  the  content  of  this  report. 

We  would  also  like  to  express  appreciation  to  Stephen  L.  Goldberg 
of  the  Army  Research  Institute  Port  Knox  Field  Unit,  Kentucky,  for 
serving  as  UNA  technical  monitor  for  this  subcontract  project,  for 
making  arrangements  to  collect  data  at  Port  Knox,  and  for  coordination 
with  ocher  army  sices.  We  are  indebted  to  Thomas  E.  Kinney,  Jr., 

Liaison  Officer,  U.S,  Army  human  Engineering  Laboratory,  Port  Sill, 
Oklahoma,  and  to  Jan  Chervenak,  Acting  Chief,  Division  of  Evaluation 
and  Standardization,  U.S.  Army  Infantry  School,  Port  Henning,  Georgia, 
who  were  instrumental  in  finding  respondents  and  in  coordinating  local 
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logistics.  Gerald  L.  Gamache  of  ORG  filled  a  valued  role  in  assisting 
with  data  collection  at  Fort  Sill. 

Finally,  the  authors  would  like  to  acknowledge  all  of  the  military 
personnel  who  supplied  data  for  the  study.  Their  contribution  is  quite 
obviously  an  invaluable  part  of  this  research. 
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SECTION  1 


INTRODUCTION 

The  threat  of  nuclear  conflict  makes  it  imperative  that  the 
effects  of  radiation  exposure  upon  human  performance  of  military  tasks 
are  estimated  as  accurately  as  possible  and  that  an  adequate  groundwork 
is  established  for  developing  concepts  and  doctrine  that  will  deal 
most  effectively  with  that  threat.  Toward  this  end,  the  Defense  Nuclear 
Agency  (DNA)  has  initiated  a  program  to  assess  the  current  state  of 
knowledge  concerning  the  effects  of  nuclear  radiation.  The  primary 
objectives  of  this  program  are  (1)  to  first  revise  the  available  infor¬ 
mation  concerning  the  physical,  physiological,  psychological,  and  per¬ 
formance  effects  of  nuclear  radiation,  (2)  to  use  portions  of  this 
information  to  estimate  the  nature  and  degree  of  functional  impairment 
of  specific  task  performance  in  military  personnel  who  experience 
symptoms  of  illness  that  might  be  produced  by  different  amounts  of 
battlefield  radiation  at  various  time  intervals  after  exposure,  es¬ 
pecially  involving  radiation  doses  that  are  less  than  totally  incapac¬ 
itating,  and  (3)  to  use  these  estimates  to  simulate,  through  the  use  of 
mathematical  modeling  techniques,  the  degrading  effects  of  nuclear 
combat  scenarios  on  the  operational  effectiveness  of  various  types  of 
military  units.  The  ultimate  goal  of  this  effort  is  to  provide  a  basis 
for  projecting  the  probable  decrements  in  combat  effectiveness  of  mili¬ 
tary  units  as  functions  of  the  levels  of  radiation  and  time  since  expo¬ 
sure.  In  turn,  those  projections  may  be  useful  in  planning  the  target¬ 
ing  and  defensive  assignments  of  uuits  required  to  engage  in  nuclear 
battle. 

The  focus  of  DNA's  Intermediate  Dose  Program  (IDP)  lias  been  to 
review  the  effects  of  exposure  to  radiation  in  the  range  of  greatest 
uncertainty;  namely,  from  approximately  75  to  4500  rads,  froe-in-air 
dose  exposure.  This  effort,  conducted  primarily  by  the  Pacific-Sierra 
Research  Corporation  (PSR),  with  funding  support  by  DNA,  has  already 
provided  a  great  deal  of  information  based  on  case  studies  of  patients 
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who  received  radiation  therapy  and  of  accidental  exposure  victims, 
documentation  of  results  of  atomic  bombings  of  Japan,  and  recently 
collected  data  from  the  medical  and  radiobiological  communities.  Those 
data  have  established  a  relatively  clear  picture  of  the  symptomatologic 
characteristics  associated  with  exposure  to  various  doses  of  radiation 
over  time.  The  relationship  between  radiation  dose  and  the  nature  and 
extent  of  resulting  physical  and  physiological  symptomatology  is  now 
fairly  well  understood. 

However,  the  relationship  between  humans  suffering  from  radiation 
sickness  and  their  physical  and  mental  performance  remains  largely  specu¬ 
lative.  Morgan  and  Cruser  [1982]  in  their  review  of  the  literature,  were 
able  to  find  only  three  studies  that  directly  dealt  with  the  performance 
effects  of  irradiation.  Furthermore,  Anno,  Brode,  and  Washton-Brown 
[1982]  reported  that  data  are  not  yet  available  that  will  permit  opera¬ 
tional  planners  to  estimate  the  potential  impairment  of  various  types  of 
military  units  who  are  exposed  to  battlefield  irradiation  in  combat. 
Results  from  the  few  existing  studies  of  performance  effects  of  irradia¬ 
tion  must  be  interpreted  with  extreme  caution  because  of  the  small  number 
of  subjects  studied;  mainly,  patients  who  received  radiation  therapy  for 
terminal  illness.  Geneva liaat ion  of  these  studies  is  further  limited  by 
the  fact  that  only  specific  types  of  performances  were  measured  and  only 
a  restricted  range  of  radiation  doses  were  used  [Morgan  and  Cruser, 

1982].  Thus,  the  current  sources  of  data  provide  little  information 
about  the  potential  effects  of  radiation  upon  healthy  individuals  and 
are  of  essentially  no  value  in  establishing  relationships  between  irra¬ 
diation  levels  and  combat  effectiveness  potential  of  troops  in  the  field. 

Owing  to  this  lack  of  relevant  information,  and  the  fact  that 
applicable  combat  data  cannot  be  obtained  directly  through  experimenta¬ 
tion,  the  XDP  has  sought  to  develop  indirect  ways  of  obtaining  esti¬ 
mates  of  the  effects  of  radiation  on  combat  performance.  Specifically, 
in  the  work  reported  here,  an  effort  was  made  to  derive  estimates  of 
effects  upon  performance  from  judgments  wade  by  operational  military 
personnel.  Experienced  soldiers  from  artillery,  armor,  and  infantry 
units  were  asked  to  indicate  how  much  they  would  expect  different  sets 
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of  physical  symptoms,  induced  by  exposure  to  radiation,  to  degrade 
performance  of  a  sample  of  operational  tasks.  Specific  reference  to 
radiation  was  not  made  on  the  actual  questionnaire;  however,  the  sur¬ 
vey  administration  made  verbal  reference  to  radiation  symptoms  in  the 
introductory  talk. 

The  principal  method  used  was  a  survey  questionnaire  developed  by 

* 

PSR  and  approved  by  the  IDP  Core  Group.  Performance  estimates  were 
obtained  from  selected  U.S.  Army  combat  team  members  in  the  tank,  anti¬ 
armor,  artillery  (howitzer),  and  fire  direction  center  (FDC)  occupational 
specialties.  Presented  with  a  set  of  interdependent  tasks  that  were 
considered  to  be  critical  to  the  accomplishment  of  the  combat  mission, 
team  members  were  asked  to  predict  the  amount  of  time  that  would  be  re¬ 
quired  to  perform  each  of  the  tasks  when  afflicted  with  each  of  30  to  40 
concisely  described  sets  of  radiation  illness  symptoms.  A  normal  time, 
typical  of  a  healthy  soldier,  was  provided  as  a  referent  in  each  instance. 
The  survey  was  designed  to  provide  estimates  of  expected  operational 
performance  degradations  for  each  task  and  team  member  in  the  combat  crew 
for  each  specified  sot  of  symptoms  characteristic  of  a  prompt  dose  level 
and  time  following  exposure. 

It  was  anticipated  that  data  from  this  survey  would  yield  reliable 
differences  in  performance  estimates  as  a  function  of  increasing  symptom 
severity.  It  was  also  expected  that  the  estimates  of  effects  would 
differ  for  different  tasks,  team  members,  and  crews.  The  rcsulls  were 
to  be  used  as  inputs  for  a  mathematical  model  to  be  constructed  by  PSR 
to  predict  the  degradation  of  combat  unit  performance  over  time  and  uuder 
varying  levels  of  radiation. 

The  IDP  Core  Group  is  a  multidisciplinary  resource  panel  that  meets 
periodically  to  review,  provide  expert  advice,  and  suggest  future  direc¬ 
tions  for  IDP  research  projects. 


15 


SECTION  2 


METHOD 


Four  types  of  U.S.  Army  combat  teams  were  selected  for  this  research. 
They  were  artillery  (155  mm  SP  howitzer)  gun  crews,  FDC  crews,  M60A3 
tank  crews,  and  antiannor  mounted  TOW  crews.  These  combat  units  were 
composed  of  crewmen  who  performed  specific  interrelated  tasks  necessary 
to  complete  the  operational  mission  of  the  team.  The  FDC  team  has  three 
crewmen,  and  the  other  teams  have  four  members.  The  choice  of  these 
particular  army  specialties  was  made  because  task  performance  most  cru¬ 
cial  to  the  success  of  their  combat  missions  requires  little  directly 
observable  time,  and  the  performance  of  these  types  of  teams  are  both 
critical  to  and  typical  of  general  army  combat  performance. 


RESPONDENTS 

A  total  of  161  army  noncommissioned  officers  (NCOs)  were  adminis¬ 
tered  survey  questionnaires  in  the  course  of  this  research.  However, 
data  from  only  125  of  these  individuals  were  included  in  the  analyses 
reported  here.  The  data  from  the  16  respondents  were  not  included 
because  they  had  lower  pay  grades  (E-3  and  below) ,  had  served  for  less 
than  12  months  in  their  technical  specialty,  or  had  little  or  no  super¬ 
visory  experience.  They  were  withdrawn  from  study  in  order  to  ensure 
that  the  analyzed  responses  were  from  soldiers  who  were  well  qualified 
to  make  judgments  about  the  performance  of  tasks  in  their  specialties. 

In  addition,  the  data  from  eight  respondents  were  not  used  because  they 
exhibited  ambiguous  or  uninterpretable  response  patterns.  In  all  in¬ 
stances,  the  NCOs  who  completed  the  survey  questionnaires  were  made 
available  by  their  respective  unit  commands  at  the  request  of  a  planning/ 
liaison  person  at  each  of  the  survey  sites. 

The  career  demographic  characteristics  of  the  four  groups  of  re¬ 
spondents  are  presented  in  Tables  1  through  5:  The  average  number  of 
years  in  service  (Table  1),  the  percentage  of  respondents  in  each  pay 
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grade  (Table  2),  the  average  experience  in  specific  crew  positions 
(Table  3),  combat  experience  (Table  4),  and  supervisory  experience 
(Table  5).  As  these  tables  indicate,  the  tank  and  TOW  crew  respondents 
could  be  characterized  as  having  had  longer  time  in  service,  more  expe¬ 
rience  in  their  specialty,  higher  achieved  pay  grades,  and  longer  super¬ 
visory  experience  than  the  other  groups.  Appropriate  reference  should 
be  made  to  these  tables  when  reading  the  descriptions  of  the  four  re¬ 
spondent  groups  given  below.  (All  tables  in  this  report  follow  the 
text:  see  p.  57.) 

Artillery  (155  mm  SP  Howitzer)  Gun  Crew 

This  group  was  originally  represented  by  29  NCQs;  however,  data 
from  eight  of  the  respondents  could  not  be  used.  The  21  respondents  who 
were  retained  for  data  analysis  consisted  of  NCQs  in  pay  grades  E-5 
through  E-7  with  a  mean  of  7.55  years  in  service  and  5.75  years  in  their 
specialty.  Four  individuals  reported  having  combat  experience,  two  with 
experience  in  artillery  combat.  The  crew  respondent  reports  of  job 
experience  in  the  four  positions  of  the  artillery  crews  showed  an  aver¬ 
age  of  2.43  years  as  chief  of  section,  0.87  years  as  gunner,  0.58  years 
as  assistant  gunner,  and  0.46  years  as  loader.  Nine  personnel  (42.7 
percent)  reported  having  served  in  all  four  positions;  21  (100  percent) 
reported  having  served  as  chief  of  section;  and  1?  (95.2  percent), 

15  (71.4  percent),  and  12  (57.1  percent)  had  experience  as  gunner, 
assistant  gunner,  and  loader,  respectively. 

FUC 

Thirty-three  NCOs  in  pay  grades  li-4  through  E-7  initially  took  the 
survey.  Of  these,  10  crew  respondent  questionnaires  could  uot  be  used 
for  reasons  stated  above.  The  mean  times  in  service  and  in  specialty 
for  this  group  of  23  crewmen  were  5.16  and  4.54  years,  respectively. 
Three  of  these  personnel  reported  previous  combat  experience,  but  none 
in  their  specialty. 


This  crew  is  composed  of  three  positions — the  fire  direction  officer 
(FDO),  horizontal  control  operator  (HCO) ,  and  computer.  Commissioned 
officers  serve  as  FDOs.  Our  demographic  data  were  obtained  only  from 
NCOs;  hence  no  FDO  entries  appear,  although  the  NCOs  were  asked  to  pro¬ 
vide  performance  estimates  for  the  FDO.  Fourteen  respondents  (61  per¬ 
cent)  reported  having  served  as  both  HCO  and  computer;  whereas,  18 
(78  percent)  reported  having  experience  as  HCO  and  20  (87  percent)  as 
computer.  The  mean  times  served  in  HCO  and  computer  positions  were 
0.97  and  1.95  years,  respectively. 

Armor  (Tank  Crew) 

This  group  was  composed  of  40  NCOs  in  pay  grades  E-6  and  E-7,  all 
who  met  the  criteria  for  inclusion  in  data  analysis.  The  mean  time 
in  service  and  time  in  armor  specialty  was  10.08  and  9.25  years,  respec¬ 
tively.  Seven  of  these  individuals  had  combat  experience,  but  only  one 
had  engaged  in  armor  combat. 

Sixteen  crew  respondents  (40  percent)  reported  having  served  in  all 
four  positions  in  the  tank  crew  at  some  time  during  their  army  service. 
Furthermore,  all  personnel  reported  having  previously  served  as  tank 
commander,  33  (82.5  percent)  as  gunner,  22  (55  percent)  as  loader,  and 
22  (55  percent)  as  driver.  Job  experience  within  the  four  crew  positions 
ranged  from  2  to  11  years.  At  the  time  of  survey  administration,  the 
majority  of  armor  crew  respondents  were  serving  as  tank  platoon,  company, 
or  section  sergeants.  Others  were  assigned  as  drill  sergeants,  basic 
or  advanced  technical  course  instructors,  or  systems  maintenance  officers. 
Three  were  U.S.  Marine  Corps  (USMC)  personnel  engaged  in  cross-specialty 
training. 

Antiarmor  (Mounted  TOW) 

Forty-one  individuals  of  this  group  were  surveyed,  and  all  their 
responses  were  retained  for  analysis.  Their  pay  grades  were  E-6  and  E-7, 

The  crewmember  performing  calculations  with  a  lunid-held  calculator 
is  referred  to  as  the  "computer." 
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and  the  mean  time  in  service  and  in  specialty  was  11.27  and  7.00  years, 
respectively.  Sixteen  personnel  reported  having  combat  experience, 
with  three  having  experience  in  antiarmor.  A  mean  of  3.33  years  had 
been  served  as  squad  leader,  0.49  years  as  gunner,  0.27  years  as  loader, 
and  0.25  years  as  driver.  Nine  respondents  (22  percent)  reported  having 
served  in  all  four  crew  positions  at  some  time  during  their  antiarmor 
experience.  Furthermore,  39  (95  percent)  reported  having  experience  as 
squad  leader,  23  (56  percent)  as  gunner,  12  (27  percent)  as  loader,  and 
10  (24  percent)  as  driver. 

SURVEY  INSTRUMENTS 

Four  questionnaires,  one  for  each  team,  were  used  to  collect  the 
data.  Each  questionnaire  consisted  of  (1)  a  demographic  information 
section,  (2)  introductory  pages  that  provided  instructions  about  the 
types  of  tasks  to  be  rated,  and  examples  of  the  rating  format,  and  es¬ 
tablished  a  combat  scenario,  (3)  a  sample  response  sheet,  and  (4)  30  to 
40  symptom  complex  task  performance  sheets.  A  complete  example  of  a 
questionnaire  is  given  in  Appendix  A.  Each  symptom  complex  page  con¬ 
tained  a  description  of  a  set  of  sickness  (radiation)  symptoms  followed 
by  a  list  of  selected  military  tasks  performed  by  each  crewmember  on 
the  specific  team  heing  studied.  Figure  1  describes  symptom  complex 
334231  given  on  a  page  from  one  of  the  four  questionnaires  administered 
to  the  TOW  crew. 


Symptom  Complexes 

Symptom  complexes  consisted  of  descriptions  of  radiation  sickness 
syndromes  made  up  of  six  symptom  components  of  different  levels  of  se¬ 
verity.  These  six  symptom  components  were  (1)  upper  gastrointestinal 
distress,  (2)  lower  gastrointestinal  distress,  (3)  fatigability /weakness, 
(4)  hypotension  (and  associated  symptoms),  (5)  hematological  (infection 
and  bleeding),  and  (6)  a  group  of  symptoms  associated  with  fluid  loss 
and  electrolyte  imbalance.  Each  of  the  six  symptom  components  contained 
five  specific  symptom  levels  of  severity.  Descriptions  of  the  symptom 
complexes  were  formed  by  selecting  one  symptom  description  (representing 
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SYMPTOM  COMPLEX  334231 


Nauseated;  considerable  sweating;  swallows  frequently  to  avoid  voailtlng; 
occasional  diarrhea  and  craape,  deficated  several  tines  and  will  again 
soon;  very  tired  and  weak;  slightly  light-headed;  joints  ache,  consider¬ 
able  sweating;  Moderate  fever;  does  not  want  to  eat;  sores  in  aoutb/throat. 


CREW  TASKS 


TASKS 

CREVHEHdER 

— 

The  usual 
ties  for 
each  taak 
la  about: 

How  long  do  you  think  It  would 
tike  t  crewman  to  do  each  taak 
if  he  had  theae  symptom*: 

— 

No  Increase 
In  tlee 

Amount 
of  time 
<««c> 

Could  not 
do  It 
at  all 

SQUAD  LEADER 

Designate  azimuth  and 
target 

4  aec 

Coemand  driver  to 
firing  position 

2  see 

GUNNER 

Set  superelevation,  erect, 
•lew  170  to  10  dag 
etiauth 

17  tec 

Adjust  signification, 
acquire  targets, 
identify,  arw,  and  fire 

7  sec 

DRIVER 

Fro«  standstill,  drive 
forward  60  ft  and  atop 

30  see 

LOADER 

Reload 

60  ««« 

■ 

■1 

Rearrange  ready  rack 

60  *»e 

Target  Tracking  Accuracy 

EatWtat*  the  ehane*  of  staying  on  target  during  the  last  6  tec  ud 
flight  (usual  clusce  *01)  ’ 


wrnms 


ClUb  two  (tight a  at 
etatre  briebly 

Id  sec 

II 

Lift  (tee  heavy  bd*»» 
at  feoke  (roe  the 
finer  te  «  1  ft  high 
taM* 

19  see 

few  wny  flights  ef  atelta  eneld  a  crewsun  cliak 
gvlcbly  Refer*  fetwalag  breathless!  — 

_ flight# 

few  ten#  rnwld  a  etevaan  keep  wetblag  at  a  Wish 
pat*  Refer*  hie  legs  get  tired!  _ 

,  „ ..  -  mlawtaa 

Mow  many  heavy  fee#*  tewld  a  crewaen  keep  ttllleg 
flea  the  fleer  to  a  table  before  h*  wwwld  have  ta 
atop  and  reetf  ___ 

__  buses 

few  tong  Would  It  take  a  ilaaij  ta  vye*  a  alaple 
R-avaber  Cwablnattea  lock! 

tlTitnft 

Mow  wxh  roafldenee  da  yaw  have  t«  y*wr  tilluon 


i 

i. 

1 

* 

S 

fet  Much 

A  1*1 

Certain 

Figure  1.  Description  of  symptom  complex  334231  and  saiuple 
page  from  TOU  crew  questionnaire. 


20 


! 

I 


some  specific  symptom  severity  level)  from  each  of  the  six  symptom 
components.  For  example,  in  Fig.  1,  the  symptom  complex  described  is 
given  the  number  334231,  which  combines  severity  level  3  of  upper  gastro¬ 
intestinal  distress,  level  3  of  lower  gastrointestinal  distress,  level  4 
of  fatigability/weakness,  level  3  of  hypotension,  level  3  of  infection 
and  bleeding,  and  level  1  of  fluid  loss  category.  Appendix  B  contains 
the  set  of  symptom  categories  and  descriptions  for  each  symptom  compo¬ 
nent  from  which  symptom  complex  descriptions  were  formed. 

A  set  of  30  symptom  complexes  was  selected  from  15,625  possible 
combinations  of  the  five  levels  of  the  six  symptom  components  as  the 
outcome  of  several  planning  and  pilot  testing  sessions  held  in  concert 
with  PSR  staff  during  the  period  from  September  to  October  1982  at  the 
test  sites,  and  consultations  with  the  IDP  Core  Group.  These  symptom 
sets  were  considered  to  be  representative  of  the  range  of  severity 
levels  of  radiation  sickness,  and  the  particular  symptom  combinations 
eould  be  associated  with  specific  radiation  doses  and  times  after  expo¬ 
sure.  These  30  symptom  complexes  were  used  in  all  questionnaires.  In 
addition,  questionnaires  given  to  TOW  respondents  Itad  ten  other  symptoms 
relevant  to  PSR  for  study  because  of  their  link  to  important  dose  and 
time  points.  Appendix  li  lists  the  40  symptom  complexes  and  their  de^ 
scriptions  used  in  the  study. 

The  order  of  presentation  of  the  original  30  symptom  complexes  was 
the  same  for  all  except  one  subgroup  of  five  subjects.  The  order  was 
determined  by  deriving  ten  sets  of  three  symptom  complexes  so  that  each 
set  contained  a  relatively  mild,  moderate,  and  severe  complex.  The  order 
of  presentation  for  each  of  these  ten  sets  was  then  randomised  in  the 
survey  questionnaire.  This  same  random  order  was  used  for  all  subjects 
except  for  five  t DC  personnel  who  were  given  the  questionnaire  when  the 
researchers  revisited  Port  Sill  in  February  1983.  The  purpose  of  using 
a  different  order  during  that  administration  was  to  enable  a  test  of 
potential  order  effects,  but  the  small  size  of  the  group  available  at 
that  time  precluded  this  test.  The  additional  ten  symptoms  used  for 
TOW  respondents  were  presented  in  a  random  order  following  the  30  stan¬ 
dard  symptoms. 
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Tasks 

Below  the  symptom  description  on  each  response  sheet  was  a  list  of 
the  key  military  tasks  performed  by  each  crewmember.  The  tasks  were  the 
same  within  each  crew  but  differed  between  crews.  For  each  task  a  normal 
time  was  listed  to  provide  a  standard  point  of  reference — i.e.,  the  time 
required  for  completion  of  the  task  under  normal  (symptomless)  conditions. 
These  normal  times  were  derived  from  field  observation,  technical  opera¬ 
tions  manuals,  and  expert  judgment.  The  respondents  were  instructed  to 
refer  to  the  normal  time  and  make  a  judgment  concerning  the  potential 
effect  of  each  symptom  complex  on  the  performance  of  each  task.  Specifi¬ 
cally,  they  were  given  response  alternatives  to  indicate  their  belief 
that  either  (!)  no  change  would  occur  in  the  time  required  for  task  com¬ 
pletion,  (2)  the  task  could  not  be  accomplished  at  all,  or  (3)  the  task 
would  take  longer  than  usual  to  accomplish.  In  the  third  instance, 
respondents  were  asked  to  give  their  best  estimate  of  how  long  it  would 
take  for  a  crewman  with  the  symptoms  shown  at  the  top  of  the  page  (see 
Fig.  !)  to  complete  the  task.  Table  6  lists  the  tasks  and  referent  times 
for  each  crew. 

In  addition  to  time-referenced  tasks,  questionnaires  given  to  the 
mounted  TOW  crew  included  the  question  "Estimate  the  chance  of  staying 
on  target  during  the  last  6  see  of  flight."  Since  the  antitank  weapon 
is  optically  guided,  this  question  was  considered  to  be  a  valid  measure 
of  operational  performance. 

Six  ordinary,  or  ttonmilitary,  tasks  were  also  presented  (see 
Fig,  1).  Referent  times  were  presented  for  two  of  these  tasks,  which 
required  responses  similar  to  the  military  tasks,  the  remaining  four 
ordinary  tasks  did  not  list  a  normal  referent  time  and  required  open- 
ended  responses  of  symptom  effects,  although  the  respondents  were  asked 
to  supply  an  estimate  of  their  own  referent  times  for  each  of  the  four 
tasks  at  the  beginning  of  the  questionnaire.  Finally,  for  each  symptom 
complex,  respondents  rated  their  confidence  in  the  responses  made  on 
each  page  for  each  symptom  complex,  based  on  a  five-point  scale. 
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PROCEDURE 


Four  army  training  sites  were  visited 'during  the  period  of  November 
1982  through  February  1983  for  questionnaire  administration.  Artillery 
gun  and  FDC  crews  were  met  at  Fort  Sill  (8  to  10  November  1982  and  3  to 
4  February  1983) ,  armor  tank  crews  at  Fort  Knox  (12  November  1982)  ,  and 
antitank  crews  at  Fort  Benning  (13  January  1983) .  The  questionnaire 
was  administered  to  groups  of  4  to  44  individuals,  depending  on  avail¬ 
ability  of  personnel  at  each  survey  site.  Training  classrooms  and  con¬ 
ference  rooms  were  used  for  survey  administration.  Each  session  included 
a  formal  briefing  followed  by  questionnaire  administration,  which  was 
approximately  2.5  hr  in  duration. 

Each  session  began  with  the  introduction  of  the  questionnaire  admin¬ 
istrator,  followed  by  a  20-min-long  formal  presentation  discussing  the 
purpose  of  the  questionnaire  and  its  potential  usefulness,  as  well  as 
giving  assurance  of  the  confidentiality  of  responses.  After  this,  the 
instructions  contained  in  the  questionnaires  were  read  aloud  by  the 
administrator  and  the  respondents  were  instructed  to  first  complete  the 
demographic  data  page. 

Then,  a  mission  statement,  and  combat  scenario  was  presented  for 
each  crew.  This  statement  specified  that  the  crew,  who  were  all  con¬ 
sidered  to  be  well  trained,  experienced  in  combat,  motivated,  and  well 
led,  had  been  exposed  to  radiation  from  a  low-yield  nuclear  weapon 
without  mission-oriented  protection  posture  (MOPP)  gear.  It  further 
specified  that  crewmembers  were  beginning  to  experience  the  symptoms 
listed  at  the  top  of  each  response  sheet,  and  that  the  crew  was  now 
required  to  proceed  with  its  stated  combat  mission. 

Following  this  specific  scenario  presentation,  the  sample  response 
page  was  explained  on  a  task-by-task  basis  by  the  administrator,  who 
emphasized  the  need  for  quality  responses,  being  careful  to  make  sure 
that  the  respondents  understood  the  nature  of  the  symptoms  and  responses 
required  of  them. 


Revisits 

Subsequent  visits  were  made  to  each  test  site  during  January  and 
February  1983.  These  follow-up  visits  provided  the  opportunity  for 
obtaining  additional  information  from  each  group  of  respondents  (see 
Appendix  C) . 


SECTION  3 


ANALYSES  AND  RESULTS 


The  analyses  of  the  questionnaires  focused  on  determining  the  degree 
of  impaired  task  performance  attributed  to  the  various  symptom  complexes 
described.  For  each  questionnaire,  four  general  questions  were  addressed 
These  questions  were: 

1.  For  each  symptom  complex,  what  percent  of  respondents  reported 
that  task  performance  would  (a)  not  be  affected  (no  increase 
in  time  of  completion) ,  (b)  be  degraded  (time  to  complete  the 
task  increased),  and  (c)  not  be  performed  at  all  (incapacitated) 

2.  For  each  symptom  complex,  what  were  the  average  performance 
times? 

3.  What  degree  of  individual  response  consistency  across  symptoms 
for  task,  positions,  and  crews  was  evidenced? 

4.  What  were  the  self-confidence  ratings  of  individuals  for  their 
questionnaire  responses  (based  on  a  five-point  scale)? 

CALCULATION  OF  EXPECTED  DECREMENT  MEASURES 

Three  raeacures  were  calculated  from  the  data  in  order  to  infer  the 
expected  degradation  by  symptom  effects:  (1)  the  percent  of  responses 
in  the  unaffected  category,  (2)  the  percent  of  responses  in  the  inca¬ 
pacitated  category,  and  (3)  the  peveeut  of  responses  in  the  degraded 
performance  category.  The  first  two  measures  were  based  on  the  frequen¬ 
cies  of  responses  in  the  no  effect  and  cannot  do  categories,  respectively 
The  third  measure  was  calculated  from  all  responses  (including  the  re¬ 
sponses  from  the  no  effect  and  cannot  do  categories)  and  used  the  refer¬ 
ent  or  normal  time,  or  other  values  us  its  basis. 


Percent  of  Responses  in  Unaffected  and  Incapacitated  Categories 

The  first  two  measures  reflect  the  frequencies  of  response  to  esti¬ 
mating  performance  at  the  extremes  of  the  continuum.  For  the  military 
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tasks,  and  the  two  ordinary  tasks  with  the  three-category  response  for¬ 
mat,  the  percent  of  responses  in  the  unaffected  category  was  determined 
by  dividing  the  number  of  checks  in  the  no  effect  category  by  the  total 
number  of  responses  across  all  three  categories. 

In  calculating  these  effects  for  team  positions,  all  of  the  re¬ 
sponses  of  a  given  respondent  for  all  tasks  within  a  position  were  re¬ 
quired  to  be  in  the  no  effect  category  and  classified  as  unaffected. 
Whereas,  the  percent  of  responses  in  the  incapacitated  category  was 
calculated  by  dividing  the  number  of  responses  in  the  cannot  do  category 
by  the  total  number  of  responses. 

For  several  positions,  the  inability  to  perform  at  least  any  one  of 
the  several  tasks  was  considered  reason  for  classifying  the  crewman  in 
that  position  as  incapacitated.  That  is,  the  serially  dependent  and 
highly  interrelated  nature  of  the  tasks  comprising  these  positions  would 
make  it  impossible  to  function  in  a  given  position  without  the  ability 
to  perform  all  of  the  several  component  tasks.  These  positions  were  the 
gunner,  assistant  gunner,  and  loader  in  the  artillery  gun  crew;  the  HCO 
and  computer  in  the  FDC  crew;  and  the  gunner  in  the  tank  and  TOW  crews. 

Percent  of  Normal  Performance 

The  percent  of  normal  performance  provided  a  measure  of  symptom 
effects  that  varied  between  0  percent  (total  incapacitation)  and  100 
percent  (normal  performance) .  Its  calculation  is  based  on  a  ratio  of 
the  normal  expected  time  of  performance  to  the  expected  performance  time 
under  each  illness  condition. 

As  discussed  previously,  for  each  of  the  military  tasks  a  normal 
time  for  performance  was  given  as  a  referent  for  making  judgments. 

All  of  the  types  of  military  tasks  on  the  questionnaire,  except  one, 
asked  for  a  response  regarding  the  time  needed  to  complete  the  task  under 
the  various  sickness  conditions.  The  time  referents  for  these  tasks  were 
noted,  in  units  of  seconds.  The  exception  was  tracking  accuracy  on  the 
TOW  questionnaire,  which  was  based  on  a  usual  referent  of  90  percent 
chance  of  tracking  the  TOW  missile  over  the  last  6  sec  of  flight.  Two 
of  the  six  ordinary  tasks  also  listed  a  normal  time  of  completion,  as 
above.  For  the  other  four  tasks  without  a  standard,  the  referent  was 
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determined  for  each  respondent  from  his  responses.  To  obtain  the  base 
figures,  the  respondents  in  the  TOW  group  and  respondents  in  the  last 
round  of  data  collection  on  the  FDC  questionnaire  were  asked  to  supply 
the  referent  values  for  each  of  the  tasks — What  would  be  the  typical 
performance  of  a  normal,  healthy  soldier?  For  the  other  respondents  who 
did  not  provide  these  data,  the  highest  expected  performance  value 
assigned  for  each  task  by  each  respondent  under  illness  conditions  was 
used  as  the  referent. 

Expected  degradations  for  all  tasks  were  calculated  by  dividing  the 
referent  value  by  the  expected  performance  for  each  subject  under  each 
sickness  condition.  These  proportions  were  multiplied  by  100  to  obtain 
the  percentage  of  normal  performance.  When  the  categories  of  no  effect 
or  cannot  do  were  checked,  the  expected  degradation  was  calculated  as 
100  and  0  percent  of  normal  performance,  respectively.  As  suggested  by 
the  IDP  Core  Group,  the  obtained  decrements  for  the  military  tasks  were 
adjusted  on  a  task-by-task  basis  by  dividing  each  individual's  perfor¬ 
mance  rating  by  his  expected  performance  to  symptom  complex  112111  (some¬ 
what  tired  with  a  mild  weakness) .  The  rationale  for  this  operation  was 
to  adjust  for  the  individual  differences  in  estimation  among  respondents 
by  synchronizing  their  responses  to  a  common  point  of  origin.  The  symptom 
complex  112111  was  used  on  the  assumption  that  healthy  soldiers  engaged 
in  a  battle  would  normally  experience  symptoms  of  mild  fatigue.  For 
example,  if  the  referent  time  was  5  sec  and  the  estimated  time  was  8  sec, 
the  expected  performance  decrement  would  be  62.50  percent.  If  the 
decrement  obtained  for  symptom  complex  112111  was  75.00  percent,  the 
adjusted  percent  of  normal  performance  would  be  83.33  percent.  In  a  few 
instances,  expected  performances  greater  than  100  percent  resulted  from 
this  operation  because  the  responses  to  symptom  complex  112111  were 
greater  than  the  response  to  another  symptom.  When  this  occurred,  the 
ratings  were  coded  as  100  percent.  No  correction  was  made  in  the  ordi¬ 
nary  tasks  because,  for  the  most  part,  the  expected  effects  were  already 
based  on  individually  determined  referents. 


RESPONSE  CONSISTENCY 

Two  analyses  were  conducted  to  test  the  degree  of  consistency  among 


the  tasks  within  each  position,  and  consequently  to  determine  the  feasi¬ 
bility  of  combining  the  individual  task  performance  estimates  into 
position  performance  estimates.  To  the  extent  that,  within  symptom  com¬ 
plexes,  respondents  order-estimated  performance  of  the  tasks  of  a  given 
position  in  a  similar  manner,  analysis  of  positions  can  provide  estimates 
of  performance  that  are  reasonably  consistent  with  the  analysis  of  separate 
tasks.  On  the  other  hand,  if  the  tasks  within  a  given  position  were  per¬ 
ceived  to  be  affected  differentially  within  symptom  complexes,  the  task 
should  be  considered  separately. 

In  the  first  analysis,  the  percentages  of  normal  performance  for  the 
tasks  within  each  position  were  correlated  for  each  symptom  complex  using 
internal  consistency  analysis  procedures.  Guilford  [1954]  computed 
simple  Pearson  correlation  coefficients  for  positions  that  consisted  of 
two  tasks.  Cronbach's  alpha  [Cronbach,  1951]  was  calculated  by  Guilford 
for  more  than  two  tasks.  These  internal  consistency  estimates  were  then 
averaged  across  symptom  sets. 

Table  7  summarizes  the  results  of  the  intertask  consistency  analyses. 
The  column  labeled  average  correlation  (raw)  presents  the  internal  con¬ 
sistency  estimates  that  were  obtained  for  the  tasks  within  positions,  and 
the  averages  across  positions  within  crews.  To  facilitate  comparisons 
between  the  internal  consistency  estimates  of  different  crew  positions, 
the  raw  average  coefficients  were  adjusted  by  means  of  the  Spearman-Brown 
correction  formula  [Guilford,  1954],  to  reflect  the  estimated  internal 
consistency  that  would  be  expected  with  five  items. 

Across  positions  within  crews,  the  coefficients  generally  were  high. 
Across  the  four  crews  the  mean  raw  coefficient  was  0.79  and  the  adjusted 
coefficient  was  0.88.  In  two  positions  (FBC  computer  and  tauk  loader), 
the  obtained  and  adjusted  correlations  appeared  to  be  substantially  lower 
than  for  the  other  positions.  This  suggests  that  the  respondents  may 
have  perceived  that  the  level  of  these  task  performances  would  not  covary 
as  much  as  others  within  illness  conditions.  Because  the  target  tracking 
task  for  the  TOW  gunner  position  only  correlated  0.49  with  the  other  two 
tasks,  it  was  not  used  in  the  position  analyses  reported  in  Table  7  or 
in  later  sections. 
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The  second  analysis  of  response  consistency  examined  the  agreement 
in  the  rank  order  of  expected  estimates  of  performance  across  the  sets 
of  symptoms.  The  relative  magnitude  of  symptom  effects  across  tasks 
within  positions  suggests  that  there  is  a  high  degree  of  consistency  in 
the  perceived  order  of  symptom  effects  at  the  task  level  (see  also 
Appendix  D) .  Agreement  in  the  relative  severity  of  symptom  complexes 
is  also  reflected  in  Tables  8  through  11,  which  present  the  mean  ex¬ 
pected  performance  degradation  for  crewmembers,  averaged  across  tasks, 
affected  by  each  symptom  complex.  Table  12,  which  lists  the  30  symptom 
complexes  by  rank  order  of  increasing  severity,  computed  across  the 
expected  performance  of  crewmen  for  the  four  crews,  also  shows  substan¬ 
tial  agreement. 

The  degree  of  consistency  by  which  symptom  sets  were  rank-ordered 
(according  to  the  mean  estimate  of  normal  performance  expected  at  the 
task  position  and  crew  level)  was  tested  using  the  coefficient  of  con¬ 
cordance,  Kendall's  W  [Edwards,  1963].  Table  13  summarizes  the  results 
of  these  analyses.  Across  the  tasks  within  each  position,  for  each  of 
the  four  crews,  the  rank  order  of  symptom  sets  on  mean  degradation  was 
highly  consistent.  The  average  W,  0.98,  accounted  for  almost  97  percent 
of  the  variance  of  the  rank  order.  Similarly,  across  the  positions 
within  the  various  crews  and  across  crews,  the  rank  order  of  symptoms 
conformed  highly.  These  results  revealed  that  soldier  respondents  ex¬ 
pected  a  systematic  and  general  degradation  of  performance  to  occur, 
whether  or  not  considered  at  the  task,  position,  or  crew  level,  as  well 
as  across  crews. 


RESULTS  OF  EXPECTED  EFFECTS  OF  SYMPTOM  ON  PERFORMANCE  DEGRADATION 


It  must  be  kept  in  mind  that  Kendall's  W  statistic  [Kendall,  1948] 
is  dealing  with  the  consistency  at  which  symptom  sets  are  rank-ordered 
with  respect  to  the  decrements  induced.  It  does  not  provide  a  test  for 
the  level  of  expected  effects.  For  example,  even  though  the  order  of 
symptom  sets  in  Table  12  is  similar  across  crews,  the  absolute  amount 
of  expected  impairment  might  differ  substantially. 

Tables  14  through  17  summarize  expected  mean  levels  of  task  per¬ 
formances  for  each  of  four  crews.  These  tables  show  the  percent  of 
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responses  in  the  no  effect  or  unaffected  category,  the  percent  of  re¬ 
sponses  in  the  cannot  do  or  incapacitated  category,  and  average  estimated 
performance  decrement  (percent  of  normal  performance,  100  percent)  for 
each  task  performed  by  each  crew.  These  data,  and  the  more  specific 
breakdown  of  the  task  and  symptom  means  given  in  Appendix  D,  indicated 
that  respondents  expected  some  differences  in  task  performance  for  the 
different  positions.  However,  the  results  of  the  two  consistency  analy¬ 
ses  indicated  that  within  and  across  symptom  complexes  the  estimates  for 
tasks  in  each  position,  with  the  exception  of  the  tracking  task,  were 
internally  consistent.  Therefore,  this  section  will  focus  on  the  results 
of  analyses  conducted  across  the  four  crews,  and  across  positions  within 
crews,  based  on  the  three  measures  of  expected  degradation  discussed 
previously. 

Table  18  presents  the  mean  percent  of  normal  performance  for  com¬ 
bined  crew  performance  across  the  30  symptom  sets  common  to  all  crews, 
in  order  of  increasing  severity  for  all  crews.  Means  used  in  Table  18 
were  computed  by  averaging  across  all  positions  rated.  The  means  are 
also  depicted  in  Fig.  2  for  ease  of  comparison  among  crews. 

As  shown  in  Fig.  2,  the  average  crew  performance  generally  dis¬ 
played  a  similar  degree  of  degradation  across  symptom  complexes.  Ex¬ 
cept  for  symptom  complex  112111,  which  was  used  as  a  control  point  of 
origin  (100  percent)  for  these  analyses,  the  mean  performance  across 
crews  varied  between  93.55  and  22.15  percent  of  normal  performance  for 
the  symptom  complexes  perceived  as  least  (113111)  and  most  (415314) 
severe.  The  performance  of  the  FDC  was  estimated  to  be  somewhat  less 
affected  at  moderate  and  severe  symptom  intensity  levels  than  the  other 
three  crews,  which  consistently  overlapped  aci'oss  the  sets  of  symptoms 
used . 

Analysis  of  the  locus  of  the  perceived  effects  was  conducted  by 
regressing  mean  performance  on  the  integer  levels  of  the  six  components 
of  the  symptom  sets,  as  indicated  by  the  six-digit  symptom  number. 

Table  19  sumwarixes  the  multiple  regression  analysis  conducted  on  the 
combined  crew  performance  across  the  four  crews.  Respondent  group 
(typo  of  system)  was  regressed  on  the  dependent  variable  first,  hier¬ 
archically,  followed  by  stepwise  inclusion  of  the  six  symptom  categories. 
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As  shown  in  Table  19,  all  of  the  predictors  added  significantly  to  the 
results.  Fluid  loss  provided  the  heaviest  weight  in  the  final  solution 
(3  =  -0.299),  followed,  in  order  of  their  contributions,  by  fatigability/ 
weakness,  upper  gastrointestinal  distress,  lower  gastrointestinal  dis¬ 
tress,  infection  and  bleeding,  and  hypotension  symptoms.  The  final 
equation  accounted  for  approximately  43  percent  of  the  variance  in  com¬ 
bined  crew  performance,  with  a  standard  error  of  prediction  of  23.89. 

The  standard  error  can  be  interpreted  as  the  standard  deviation  of  the 
dependent  variable  around  the  line  of  best  fit.  Specifically,  it  indi¬ 
cates  that  the  expected  range  of  performance  is  ±23.89  percent  of  the 
predicted  value  for  approximately  66  percent  of  crews.  Although  the 
standard  error  appears  to  be  somewhat  high,  it  is  important  to  note 
that  this  solution  was  based  on  30  of  the  possible  combinations  of 
symptom  complexes,  and  a  considerably  restricted  range  of  predictor 
values  in  all  except  the  lower  gastrointestinal  distress  and  fatig¬ 
ability/weakness  symptom  categories.  A  more  representative  sampling 
within  symptom  dimensions  and  across  the  full  range  of  possible  symp¬ 
tom  sets  would  presumably  result  in  a  higher  multiple  correlation  and 
in  less  error  of  prediction. 

Artillery  Gun  Crew 

The  main  fiudings  concerning  the  artillery  gun  crew  are  summarized 
in  Tables  20  and  21.  For  each  set  of  symptoms,  Table  20  lists  the  per¬ 
cent  of  respondents  who  judged  that  performance  would  be  unaffected  and 
the  percent  who  said  that  the  crewmember  would  be  incapacitated.  Aver¬ 
aged  across  all  symptoms,  the  range  of  responses  in  the  no  effect  cate¬ 
gory  was  between  17.3  and  35.4  percent  for  all  crows. 

The  chief  of  section,  gunner,  and  assistant  gunner  positions  were 
similarly  affected;  with  the  loader  much  more  severely  degraded  as  re¬ 
flected  by  both  measures.  For  the  first  three  positions,  approximately 
one-third  of  all  the  responses  were  in  the  no  effect  category.  Also, 
excluding  the  control  symptom  set  112111,  the  percent  of  no  effect 
response  ranges  were  4.76  to  71.43  percent  for  the  chief  of  section, 

0  to  83.71  percent  for  the  gunner  and  assistant  gunner,  and  0  to  61.91 
percent  for  the  loader.  These  results  indicated  that  a  substantial 
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portion  of  the  respondents  believed  there  would  be  some  performance 
degradation  at  all  positions  even  with  relatively  mild  illness  symptoms. 

A  similar  conclusion  is  reflected  in  the  data  for  responses  in  the  in¬ 
capacitation  category.  As  shown  in  Fig.  3,  the  percent  of  respondents 
who  indicated  that  the  loader  could  not  perform  were  substantially 
higher  than  the  percent  for  other  positions.  Across  all  symptoms,  30 
percent  of  all  responses  indicated  that  illness  would  incapacitate  the 
loader,  as  compared  with  approximately  13  percent  for  the  other  posi¬ 
tions.  A  review  of  the  data  for  specific  symptom  complexes  (see 
Table  20)  indicates  that  the  majority  of  symptom  sets  were  judged  to 
have  little  or  no  incapacitating  effect  on  the  chief  of  section,  gunner, 
or  assistant  gunner  positions.  However,  this  was  not  the  case  for  the 
loader. 

In  contrast,  the  effect  of  several  symptom  complexes  was  considered 
to  be  quite  severe  for  all  of  the  positions.  For  example,  for  symptom 
complex  415314,  61.91  percent  of  the  responses  from  the  first  three 
positions,  and  76.19  percent  for  the  loader  position,  fell  into  the 
cannot  do  category.  Such  differences  reflected  the  more  physically 
demanding  nature  of  the  loader’s  job,  as  suggested  by  the  task  break¬ 
down  in  Table  14. 

The  percent  of  normal  performance  was  also  analyzed  for  each  gun 
crew  position.  Table  8  presents  the  means  and  standard  deviations  for 
each  of  the  positions.  The  means  are  also  depicted  in  Fig,  4  for  the 
30  symptom  sets  as  a  function  of  the  overall  severity  across  crews.  Ex¬ 
cluding  the  control  symptom  complex  112111,  performance  across  crewmembers 
varied  between  90.91  percent  of  normal  performance  for  symptom  set  113111 
and  19.27  percent  for  symptom  set  415314,  with  a  grand  mean  of  61.99 
percent.  The  chief  of  section  and  loader  positions  were  comparable  in 
terms  of  expected  performance,  with  the  gunner  and  assistant  gunner  posi¬ 
tions  judged  as  somewhat  less  degraded.  Moan  percent  of  normal  perfor¬ 
mance  for  the  gunner  ranged  between  95.33  percent  for  symptom  set  113111 
and  24.60  percent  for  symptom  set  415314,  and  for  the  assistant  gunner 
position  the  range  was  from  95.18  to  22.50  percent.  For  the  chief  of 
section,  percent  of  normal  performance  ranged  from  87.80  percent  for 
symptom  set  113111  to  a  low  of  17,94  percent  for  symptom  set  415314, 
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n  percent  of  normal  performance  for  artillery  gun  crew  positions 
function  of  perceived  symptom  complex  severity  across  all  crews. 


For  the  loader,  the  range  was  between  87.29  percent  for  symptom  set 
211111  and  12.04  percent  for  symptom  set  415314. 

In  comparing  the  absolute  levels  of  the  obtained  expected  values 
for  the  different  crewmembers,  several  points  need  to  be  emphasized. 

As  indicated  by  the  size  of  the  standard  deviations  in  Table  8,  there 
was  substantial  variation  among  respondents  in  the  expected  percent  of 
normal  performance  at  all  of  the  symptom  complex  levels.  In  general, 
given  this  variability  in  the  data,  the  difference  in  expected  perfor¬ 
mance  would  not  be  statistically  significant.  Moreover,  artificial 
differences  in  size  of  the  obtained  decrements  may  have  occurred  because 
of  the  manner  in  which  the  percent  of  normal  performance  measure  was 
calculated.  As  discussed  at  the  beginning  of  this  section,  it  was  based 
on  the  ratio  between  the  expected  performance  and  the  referent,  listed 
next  to  each  task.  Data  gathered  during  the  revisits  indicated  that 
some  respondents  believed  that  not  all  of  the  referents  were  accurate 
(most  often  they  were  said  to  be  too  low).  Changing  the  referent  value 
would,  of  course,  change  the  values  of  the  expected  performance  reported 
here. 

Regression  analyses  were  conducted  for  each  position,  by  regress¬ 
ing  the  six  symptom  components  on  the  mean  percent  of  baseline  perfor¬ 
mance  in  a  stepwise  solution.  Table  21  shows  the  obtained  weights  for 
each  of  the  symptom  components.  For  the  chief  of  section  and  gunner 
positions,  the  most  important  predictor  was  fluid  loss,  followed  by 
lower  gastrointestinal  distress,  and  fatigability/weakness.  For  the 
assistant  gunner  position,  fluid  loss,  fatigability/weakness,  and  lower 
gastrointestinal  distress,  in  that  order,  were  the  best  predictors. 

For  the  loader,  fatigability /weakness  was  the  most  important  predictor, 
followed  by  fluid  loss  and  lower  gastrointestinal  distress,  hypotension 

and  infection  and  bleeding  contributed  little  to  any  of  the  predictive 
2 

equations.  The  R  values  (global  goodness  of  fit  measures  of  data),  and 
standard  errors  were  similar  across  positions,  as  shown  in  Table  21. 

The  amount  of  variance  accounted  for  by  the  regression  ranged  between 
28  and  30  percent,  with  error  of  prediction  of  the  measure  between 
28.12  and  33.62  percentage  points. 
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FDC 


Analyses  of  the  FDC  crew  are  summarized  in  Table  22  and  Fig.  5. 
Table  22  presents  the  percent  of  respondents  who  rated  each  position 
at  each  symptom  complex  in  the  no  effect  or  cannot  do  categories. 

Across  the  three  positions  for  all  symptom  complexes,  18.93  percent  of 
all  responses  were  in  the  no  effect  category.  The  FDO  performance  gen¬ 
erally  was  judged  to  be  less  affected  by  the  symptoms  than  the  other 
two  positions.  For  the  control  symptom  complex,  less  than  30  percent 
of  the  respondents  indicated  that  there  would  be  no  effect.  This  sug¬ 
gests  that  the  FDC  respondents  believed  that  even  relatively  mild  radi¬ 
ation  illness  will  result  in  degraded  performance. 

In  terms  of  the  percent  of  responses  in  the  cannot  do  category, 
both  Table  22  and  Fig.  5  indicate  that  only  a  relatively  small  percent 
of  respondents  judged  that  performance  would  be  totally  degraded  for 
FDC  positions,  except  by  the  most  severe  symptoms.  Across  all  symptoms, 
the  total  percent  of  responses  in  the  cannot  do  category  averaged  less 
than  6  percent,  and  there  were  only  4  Instances  out  of  the  total  of  90 
(i.e.,  total  of  responses  for  all  three  positions)  that  exceeded  20 
percent. 

Table  9  presents  the  mean  and  standard  deviations  for  the  percent 
of  normal  performance.  Across  all  symptoms,  the  average  performance 
was  expected  to  be  approximately  67  percent  of  normal.  Excluding  the 
control  symptom  set  112111,  performance  for  the  FDO  position  varied 
between  24,42  and  92,89  percent  of  normal  performance,  while  for  the 
HCO  and  computer  positions,  the  ranges  weve  31.73  to  95.75  percent  and 
27.72  to  91.72  percent,  respectively.  In  Fig.  6,  the  means  for  these 
positions  overlapped  considerably  across  the  symptoms.  Given  the 
amount  of  variation  in  estimates  (Table  9),  the  results  suggested  that 
all  positions  are  affected  substantially  and  to  the  same  degree  by  the 
symptom  sets  sampled. 

Multiple  regression  analyses  were  used  to  estimate  the  relative 
effects  of  the  specific  components  on  mean  percent  of  normal  perfor¬ 
mance.  Table  23  summarizes  the  analysis  for  each  position,  showing 
the  obtained  beta  weights  for  the  component  predictors,  adjusted  U 
values,  and  standard  error  of  prediction.  For  all  positions,  fluid 
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Figure  5.  Kean  percent  of  respondents  who  estimated  task  performance 
incapacitation  for  FBC  crew  positions  as  function  of  per¬ 
ceived  symptom  complex  severity  across  all  '.rews. 


Mean  percent  of  normal  performance  for  FDC  crew  positions  as 
function  of  perceived  symptom  complex  severity  across  all 
crews . 


loss  contributed  most  to  the  prediction,  followed  by  lower  and  upper 
gastrointestinal  distress.  Although  adding  significantly  to  the  amount 
of  variance  accounted  for  in  the  equation,  fatigability/weakness  and 
hypotension  were  substantially  weaker  component  predictors.  In  two  of  . 
the  three  analyses,  infection  and  bleeding  were  unrelated.  The  equa¬ 
tions  obtained  accounted  for  30  percent  of  the  variance  in  the  FDO 
position,  23  percent  in  the  HCO  position,  and  27  percent  in  the  computer, 
with  standard  errors  in  the  range  of  22.40  to  24.97  percent. 

Tank  Crew 

The  analyses  conducted  for  the  tank  crew  positions  are  summarized 
in  Tables  24  and  10  and  Figs.  7  and  8.  The  percent  of  responses  in  the 
no  effect  and  cannot  do  categories  are  given  in  Table  24.  Across  all 
symptom  sets,  about  30  percent  of  all  responses  were  in  the  no  effect 
category.  For  the  particular  positions,  the  percent  of  respondents 
who  judged  that  there  would  be  no  effect  varied  considerably  with  the 
perceived  symptom  complex  severity.  The  ranges  (excluding  the  control 
symptom  set)  were  between  0  and  82.5  percent  for  the  tank  commander, 

0  and  85  percent  for  the  gunner,  0  and  77.5  percent  for  the  loader,  and 
2.5  and  92.5  percent  for  the  driver.  The  driver  was  perceived  to  be  more 
resistant  to  the  effects  of  radiation  illness  symptoms  than  the  other 
positions,  which  were  fairly  comparable  to  each  other. 

In  terms  of  the  percent  measurement  of  incapacitation,  approxi¬ 
mately  14,5  percent  of  the  responses  fell  into  this  category  across  all 
symptoms  and  positions.  As  shown  in  Fig.  7,  little  difference  was  per¬ 
ceived  between  positions.  For  the  milder  symptoms,  incapacitating 
ef frets  were  minimal  and  only  for  two  of  the  more  severe  symptoms  did 
more  than  40  percent  of  respondents  choose  this  category. 

Table  10  presents  the  results  of  the  mean  percent  of  normal  per¬ 
formance  for  each  position  across  the  30  symptom  complexes.  As  shown  in 
Fig.  8,  only  minor  differences  were  expected  to  occur  across  the  posi¬ 
tions.  Across  all  positions  and  symptoms,  an  average  expected  decrement 
was  63.15  percent.  The  obtained  means  are  linear  across  symptom  severity. 
For  the  tank  crew  commander,  performance  estimates  varied  between  16.59 


igure  7.  Mean  percent  of  respondents  who  estimated  task  performance  incapacitation 
for  tank  crew  positions  as  function  of  perceived  symptom  complex 
severity  across  all  crews.  ' 


Figure  8.  Mean  percent  of  normal  performance  for  tank  crew  positions  as 
function  of  perceived  symptom  complex  severity  across  all 
crev/s . 


percent  for  symptom  complex  415314  and  97.64  percent  for  symptom  com¬ 
plex  113111,  with  a  mean  of  60.57  percent.  Estimates  for  the  gunner 
position  varied  between  a  low  of  17.67  percent  for  symptom  complex 
415314,  and  96.95  percent  for  symptom  complex  113111,  with  a  mean  across 
symptoms  of  64.49  percent.  For  the  loader  positions,  the  estimates 
ranged  between  16.37  percent  for  symptom  complex  415314  and  96.63  per¬ 
cent  for  symptom  complex  113111,  with  a  mean  of  61.46  percent.  For  the 
driver  the  range  was  from  23.61  percent  for  symptom  complex  415314  to 
97.26  percent  for  symptom  complex  113111,  with  a  mean  of  66.07  percent. 
For  all  positions,  the  size  of  the  standard  deviations  indicated  that 
different  respondents  viewed  the  expected  effects  of  the  radiation 
illness  symptoms  quite  differently. 

Table  25  shows  the  multiple  regression  analysis  results  of  symptom 
components  performed  on  the  mean  percent  of  normal  performance  for 
each  position.  The  final  solutions  accounted  for  approximately  37  to 
43  percent  of  the  variance.  A  few  specific  differences  in  the  pattern 
of  regression  coefficients  were  observed  between  positions.  The  fluid 
loss  variable  is  the  most  dominant  for  all  positions,  followed  by 
fatigability/weakness  for  the  loader  and  driver  positions  and  upper 
gastrointestinal  distress  for  the  tank  commander  and  gunner.  The  hypo¬ 
tension  and  infection  and  bleeding  components  were  of  relatively  little 
importance  in  all  cases. 

Mounted  TOW  Crew 

Results  are  presented  here  only  for  the  30  symptom  sets  used  with 
all  four  crews.  The  data  analysis  for  the  10  items  added  to  the  TOW 
questionnaire  have  revealed  nothing  that  leads  to  interpretation  other 
than  those  based  on  the  original  30  symptom  sets.  The  percent  of  re¬ 
spondents  who  judged  the  performance  of  the  four  positions  to  be  un¬ 
affected  or  incapacitated  for  each  symptom  complex  are  given  in 
Table  26.  Generally,  these  data  indicated  that  respondents  believed 
the  presence  of  any  set  of  symptoms  would  degrade  performance  of  the 
crewmembers.  On  the  average,  approximately  31  percent  of  all  responses 
were  in  the  no  effect  category. 


The  driver  position  was  judged  to  be  most  resistant,  with  39.54 
percent  of  responses  in  the  no  effect  category.  The  range  of  percent¬ 
ages  across  symptoms  varied  between  2.44  percent  of  responses  for 
symptom  complex  415314  and  85.37  percent  of  responses  for  symptom  com¬ 
plexes  113111  and  211111.  For  the  squad  leader  position  the  percent 
of  respondents  ranged  between  2.44  percent  for  symptom  complexes 
515223  and  515431,  and  80.49  percent  for  symptom  complexes  3.13111  and 
211111.  Overall,  33.43  percent  of  the  responses  for  the  squad  leader 
position  indicated  that  there  would  be  no  effect.  For  the  gunner  and 
loader  positions,  respectively,  25.6  and  24.6  percent  of  all  responses 
occurred  in  the  no  effect  category.  For  the  gunner  position,  the  per¬ 
cent  of  no  effect  responses  varied  between  0  percent  for  symptom  com¬ 
plexes  334231  and  515223,  and  75.61  percent  for  symptom  complex  211111. 
For  the  loader  position,  the  percent  of  no  effect  responses  ranged  from 
0  percent  for  symptom  complexes  415314,  515223,  515431,  and  535111,  to 
70.73  percent  for  symptom  complexes  113111  and  211111. 

Table  26  and  Fig.  9  summarize  the  results  of  the  other  side  of 
the  picture:  the  percent  of  respondents  who  believed  that  performance 
would  not  be  possible  (cannot  do  category).  As  suggested  by  Fig.  9, 
little  difference  was  perceived  between  crewmember  incapacitation  at  the 
11  mildest  illness  conditions,  but  at  moderate  and  severe  levels  the 
differences  became  quite  substantial.  The  percent  of  respondents  who 
judged  that  the  squad  leader  would  be  incapacitated,  averaged  only  7.02 
percent  across  the  symptom  complexes.  For  19  of  30  symptoms,  less  than 
5  percent  of  the  respondents  indicated  that  the  squad  leader  would  be 


incapacitated  and  for  only  three  complexes  was  incapacitation  indicated 
by  20  percent  or  more  of  the  respondents. 

The  loader  position,  on  the  other  hand,  was  judged  us  quite  se¬ 
verely  affected  in  terms  of  incapacitation,  with  a  steep  increase  in 
percent  as  symptom  complex  severity  increased.  Overall,  more  than  25 
percent  of  the  respondents  rated  this  position  in  the  cannot  do  category. 
For  12  of  30  symptoms,  at  least  30  percent  of  the  respondents  judged 
performance  to  be  incapacitated.  The  gunner  and  driver  positions 
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Figure  9.  Kean  percent  of  respondents  who  estimated  task  performance  incapacitation 
for  mounted  TOW  crew  positions  as  function  of  perceived  symptom  complex 
severity  across  tasks. 


averaged  14.04  and  12.92  percent,  respectively,  of  responses  in  the 
cannot  do  category.  For  16  of  30  symptoms,  less  than  5  percent  of  the 
respondents  indicated  that  incapacitation  would  be  produced  in  these 
positions.  For  10  of  30  symptom  complexes  the  percent  of  responses  in 
the  incapacitated  category  exceeded  20  percent. 

Table  11  summarizes  the  results  of  the  analyses  of  the  percent  of 
normal  performance  for  the  TOW  crew.  Figure  10  depicts  the  means  for 
each  position  across  symptom  complexes.  While  some  variation  between 
positions  is  evident,  the  trend  of  the  position  decrements  is  consistent 
and  linear  across  the  symptom  complexes,  with  an  overall  average  decre¬ 
ment  of  61.85  percent.  Across  the  symptom  complex  set,  the  driver 
position  exhibited  the  least  decrement,  followed  by  the  squad  leader, 
loader,  and  gunner  positions.  Excluding  the  control  symptom  complex 
112111,  the  mean  percent  of  normal  performance  varied  between  25.22 
and  92.36  percent  for  the  squad  leader  position,  18.27  and  90.95  per¬ 
cent  for  the  gunner,  13.82  and  92.21  percent  for  the  loader,  and  29.83 
and  95.33  percent  for  the  driver.  Again,  the  standard  deviations  in 
Table  11  reveal  that  there  was  a  wide  variation  among  respondents  in 
the  expected  effects. 

Table  27  presents  the  summary  of  the  regression  analysis  for  each 
position.  Across  all  the  analyses,  the  final  solutions  accounted  for 
33  to  42  percent  of  the  variance.  As  in  the  other  crews,  the  symptoms 
related  to  fluid  loss  and  fatigability/weakness  were  most  predictive 
of  the  decrement,  followed  by  upper  and  lower  gastrointestinal  distress. 
The  hypotension  and  infection  and  bleeding  predictors  generally  con¬ 
tributed  small  but  significant  amounts  of  additional  explained  variance. 
Interestingly,  in  the  loader  position,  in  which  42  percent  of  the  var¬ 
iance  was  explained,  fatigability/weaknoss  symptoms  were  substantially 
more  important  titan  other  predictors. 

ORDINARY  TASK  ANALYSIS 

The  six  ordinary  tasks  included  on  the  questionnaire  were  sub¬ 
jected  to  analyses  similar  to  those  described  above.  These  tasks  are 
identified  as: 
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function  of  perceived  symptom  complex  severity  across  all  crews. 


Task  1.  How  long  would  it  take  to  climb  two  flights  of  stairs 
briskly? 

Task  2.  How  long  would  it  take  to  lift  five  heavy  boxes  of  books 
from  the  floor  to  a  3-ft-high  table? 

Task  3.  How  many  flights  of  stairs  could  a  crewman  climb  quickly 
before  becoming  breathless? 

Task  4.  How  long  could  a  crewman  keep  walking  at  a  brisk  pace 
before  his  legs  got  tired? 

Task  5.  How  many  heavy  boxes  could  a  crewman  keep  lifting  from 
the  floor  to  a  table  before  he  would  have  to  rest? 

Task  6.  How  long  would  it  take  a  crewman  to  open  a  simple  three 
number  combination  lock? 

Each  task  was  analyzed  across  all  respondents  in  terms  of  (1)  the 
percent  of  respondents  who  indicated  that  a  given  symptom  complex  would 
have  no  effect  and  an  incapacitating  effect,  and  (2)  the  expected  per¬ 
cent  of  normal  performance  as  a  function  of  the  symptom  complex.  Multi¬ 
ple  regression  analyses  were  also  used  to  determine  the  importance  of 
symptom  components  in  explaining  the  obtained  percentage  of  normal 
performance  for  each  task. 

Table  28  presents  the  percent  of  respondents  who  indicated  that 
task  performance  would  be  unaffected  or  not  possible  for  each  symptom 
complex.  With  the  exception  of  task  6,  the  opening  of  a  simple  combi¬ 
nation  lock,  the  percent  of  responses  in  the  no  effect  category  were 
generally  lower  than  for  the  military  tasks,  and  the  percent  of  re¬ 
sponses  in  the  cannot  do  category  were  generally  higher  titan  for  the 
military  tasks  across  all  symptoms  and  within  particular  symptoms. 

This  difference  may  be  attributed  Co  the  relative  criticality,  per¬ 
ceived  by  respondents,  in  performing  the  two  sets  of  tasks.  The  im¬ 
portance  of  completing  a  task  in  a  military  operation,  especially  in 
combat,  was  anecdotally  reflected  as  High. 

With  respect  to  differences  among  the  ordinary  tasks.  Fig.  11 
shows  the  percent  of  respondents  who  rated  each  task  in  the  cannot  do 
category.  For  the  10  mildest  symptom  complexes,  less  than  5  perceut 
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Figure  17.  Mean  percent  of  respondents  who  estimate) 
incapacitation  for  six  ordinary  tasks  as 
eeived  symptom  complex  severity  across  a' 


of  the  respondents  expected  incapacitation.  However,  strong  differ¬ 
ences  emerged  between  tasks  as  severity  increased.  Tasks  1  and  2  were 
rated  as  least  resistant  to  incapacitation  at  higher  severity  levels 
(25.17  and  26.70  percent  of  responses  in  the  cannot  do  category,  re¬ 
spectively);  whereas,  tasks  3,  4,  and  5  (20.22,  18.39,  and  20.01  per¬ 
cent,  respectively)  were  perceived  as  somewhat  less  affected,  and 
task  6  (8.22  percent)  as  most  resistant.  These  differences  may  be 
attributable  to  the  basic  difference  in  the  nature  of  the  tasks. 

Tasks  1  and  2  presumably  require  a  short,  dynamic  strength  component, 
whereas  tasks  3,  4,  and  5  tap  endurance.  Task  6  was  a  fine  psychomotor 
task  that  did  not  require  strength.  However,  differences  were  also 
confounded  by  the  method  of  collecting  data,  as  explained  in  See.  2. 

Table  29  and  Fig,  12  present  the  results  of  the  analyses  of  the 

mean  percent  of  normal  performance.  The  rank  order  of  perceived  se- 

2 

verity  across  tasks  was  very  consistent  [Kendall’s  W  »  0.98,  \  (29)  » 
169.91,  p  <0.001].  Across  all  symptom  complexes  the  averaged  expected 
degradation  varied  between  35.75  percent  of  normal  performance  for 
task  4  and  56,54  percent  for  task  6.  As  compared  with  results  for 
military  tasks,  the  means  for  all  tasks  under  milder  symptom  conditions 
were  depressed  (for  example,  for  symptom  complex  112111  the  overall 
mean  was  78.81  percent).  This  difference  was  probably  due  in  large 
part  to  the  adjustment  on  military  task  data  performance,  since  a  simi¬ 
lar  adjustment  on  ordinary  task  data  increased  the  overall  mean  to 
56.34  percent,  as  compared  with  63.54  percent  for  military  tasks*  Per¬ 
ceived  criticality  may  also  have  been  a  factor, 

With  respect  to  specific  task  patterns,  Fig.  12  clearly  shows  that 
task  6  was  believed  to  be  less  degraded  than  the  other  tasks  at  moder¬ 
ate  and  severe  symptom  levels.  The  size  of  the  standard  deviations 
shown  in  Table  29  suggests  that  differences  among  other  tasks  may  be 
more  imagined  than  real. 

Multiple  regression  analyses  were  conducted  on  the  percent  of 
normal  performance  for  each  task  across  all  respondents.  The  results 
are  suaunariyod  in  Table  30,  Tasks  1  through  5  showed  similar  patterns 
based  on  predictor  and  criterion  relationships.  The  most  important 
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Figure  12.  Mean  percent  of  normal  performance  for  six  ordinary  tasks  as 
function  of  perceived  symptom  complex  severity  across  tasks. 


symptom  component  was  fatigability/weakness,  followed  by  fluid  loss. 

The  upper  and  lower  gastrointestinal  distress  components  were  of  moder¬ 
ate  importance  to  the  regression  analysis  equations;  hypotension  and 

infection  and  bleeding  were  less  important,  if  at  all,  to  the  predict- 

2 

ability.  Multiple  adjusted  R  values  ranged  between  0.31  and  0.37. 

Task  6  was  less  amenable  to  prediction  by  the  regression  analysis,  with 
the  equation  accounting  for  about  18  percent  of  the  variance;  fluid 
loss  and  upper  gastrointestinal  distress  together  accounted  for  most 
of  the  explained  variance,  followed  by  fatigability/weakness,  infection 
and  bleeding,  lower  gastrointestinal  distress,  and  hypotension. 

SELF-CONFIDENCE  RATING 

Two  analyses  were  performed.  First,  differences  in  the  distribu¬ 
tions  of  confidence  ratings  were  compared  across  crews,  in  terms  of 
the  frequency  of  responses  in  each  of  five  categories.  The  second 
analysis  compared  the  distribution  of  confidence  levels  between  symptom 
sets,  in  order  to  examine  whether  the  severity  of  symptoms  would  affect 
individual  confidence  ratings.  For  a  detailed  discussion  of  self- 
confidence  ratings,  see  Appendix  E. 


SECTION  4 


DISCUSSION  AND  CONCLUSIONS 


The  results  of  the  questionnaire  clearly  reflect  crewmember  expec¬ 
tations  of  the  effects  of  illness  symptoms  on  combat  performance.  Across 
tasks,  positions,  and  crews,  a  substantial  percent  of  respondents  judged 
that  the  symptoms  listed  on  the  questionnaire  would  degrade  performance. 
Furthermore,  the  expected  effects  of  illness  on  performance  were  similar 
across  the  types  of  tasks,  positions,  and  crews  used  as  examples  on  the 
questionnaires.  The  following  discussion  centers  on  the  degree  and 
similarity  of  responses  to  expected  effects  on  performance  and  focuses 
on  some  reasons  why  the  particular  results  were  obtained. 

Three  measures  of  the  effects  of  illness  were  examined:  (1)  the 
percent  of  respondents  who  judged  performance  to  be  unaffected,  and 
responded  in  the  no  effect  category,  (2)  the  percent  of  respondents  who 
judged  performance  to  be  impossible — incapacitation — and  responded  to 
the  cannot  do  category,  and  (3)  the  average  percent  of  normal  perform¬ 
ance.  All  of  these  measures  indicated  that  respondents  expected  illness 
symptoms  to  cause  substantial  decrements  in  military  task  performance. 

A  minority  of  respondents  believed  that  symptom  complexes,  would 
have  no  effect  on  performance.  Across  positions  and  symptoms,  an  aver¬ 
age  of  20  to  40  percent  of  respondents  believed  that  any  given  symptom 
complex  would  have  no  effect.  On  the  other  hand,  the  percent  of  re¬ 
sponses  in  the  no  effect  category  did  not  exceed  93  percent,  even  for 
the  mildest  symptom  complexes.  These  data  indicate  that  a  large  per¬ 
cent  of  respondents  expected  illness  to  degrade  performance  under  con¬ 
ditions  of  the  wildest  symptoms. 

The  percent  of  responses  in  the  cannot  do  category  indicated  that 
total  incapacitation  was  not  expected  by  more  than  5  percent  of  re¬ 
spondents  until  symptom  complexes  became  moderate  to  severe.  The  ' 
loader  position  in  the  artillery  gun  crew  was. the  single  exception  to 
this  response  pattern.  Comparisons  across  crews  revealed  that  respon¬ 
dents  perceived  positions  in  the  TOO  to  be  less  incapacitated  in  21  to 
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30  symptom  complexes,  the  exception  being  symptom  complex  415314,  in 
which  the  percent  of  responses  in  the  cannot  do  category  did  not  exceed 
20  percent.  In  contrast,  those  responding  to  the  artillery  gun,  tank, 
and  TOW  crew  questionnaires  reported  only  minimal  expectations  of  crew¬ 
man  incapacitation  for  mild  symptoms;  whereas,  30  percent  or  more  indi¬ 
cated  incapacitation  for  most  positions  with  moderate  and  severe  symp¬ 
tom  complexes.  In  some  positions  within  these  groups,  more  than  70 
percent  of  respondents  predicted  incapacitation.  These  variations  may 
reflect  basic  differences  in  work  requirements. 

The  results  of  the  measure  of  the  percent  of  normal  performance 
also  suggest  that  respondents  expected  substantial  performance  degrada¬ 
tion,  even  for  mild  symptoms.  The  obtained  decrement  factors  were 
adjusted  by  the  responses  to  symptom  complex  112111,  which  reduced  the 
average  of  expected  impact;  but  a  steep  decline  in  performance  as  a 
function  of  symptom  severity  was  found  for  all  positions.  These  data 
also  indicate  that  FDC  positions  were  perceived  by  respondents  to  have 
a  lesser  performance  degradation  than  positions  of  the  other  three 
crews.  Specific  positions  within  crews  appeared  to  differ  with  respect 
to  the  particular  levels  of  degradation.  The  differences  between  spe¬ 
cific  positions  within  crews  may  be  more  imagined  than  real;  and  varia¬ 
tions  in  respondent  performance  degradation  estimates  were  large  enough 
in  most  instances  to  make  the  differences  insignificant.  The  measure 
of  the  percent  of  normal  performance  depended  on  the  normal  or  referent 
time  for  each  task.  To  the  degree  that  the  respondents  were  not  satis¬ 
fied  with  the  referent  time  given,  the  computed  decrement  would  not 
always  reflect  a  fair  estimate  of  the  expected  decrement. 

The  responses  across  symptoms  within  each  position  or  crew  dis¬ 
played  a  consistent  and  systematic  pattern  of  illness  severity.  Again, 
the  variability  between  responses  for  particular  symptom  complexes 
suggests  that  differences  between  levels  of  severity  of  less  than  20 
percent  may  be  insignificant.  The  consistency  in  response  patterns 
indicates  that  respondents  believed  the  illnesses  described  would  de¬ 
grade  crewmember  performance  substantially. 

Analysis  of  ordinary  task  performance  data  also  supports  the  con¬ 
clusions  made  here.  The  degree  of  performance  degradation  expected  by 


respondents  for  an  ordinary  task  was  greater  than  the  degree  reported 
for  military  tasks.  The  differences  were  due  in  part  to  the  adjustment 
in  decrement  factors  by  responses  to  control  symptom  complex  112111  for 
military  tasks,  as  well  as  to  differences  in  perceived  importance  of 
ordinary  versus  military  tasks.  However,  it  should  be  stressed  that 
any  precise  values  obtained  in  this  study  are  not  as  important  as  the 
consistency  of  decrements  in  performance  observed  across  sets  of 
symptoms — consistency  among  ordinary  tasks,  and  between  ordinary  and 
military  tasks. 

The  results  of  multiple  regression  analyses  suggest  that  quanti¬ 
tative  prediction  of  performance  degradation  is  possible,  although 
imprecise.  The  analyses  indicate  that  a  sizable  percent  of  the  ex¬ 
pected  decrement  could  be  predicted  or  explained  if  scale  values  of  the 
six  symptom  components  used  to  construct  symptom  complex  descriptions 
were  known.  In  the  tank,  TOW,  and  artillery  gun  crew  positions,  the 
most  important  predictors  causing  changes  in  percent  of  normal  perform¬ 
ance  across  symptom  complexes  were  fatigability/weakness  and  fluid 
loss.  Upper  gastrointestinal  distress  was  a  moderately  important  pre¬ 
dictor  o i  performance.  For  FDC  positions,  fluid  loss  and  lower  gastro¬ 
intestinal  distress  were  perceived  as  the  roost  important  predictors  of 
performance  degradation,  with  fatigability/weakness  a  lesser  factor 
than  in  other  crews. 

The  linear  combination  of  symptom  components  accounted  for  27  to 
43  percent  of  the  variation  of  judgment  across  symptoms  for  specific 
crew  positions.  For  combined  crew  performance,  43  percent  of  the 
variation  was  predicted.  Standard  error  of  prediction  for  specific 
positions  ranged  between  22.40  and  33.62  percent.  For  combined  crew 
analysis,  the  standard  error  was  23.89  percent.  Although  exactness 
is  desired,  the  results  obtained  in  this  study  are  more  than  adequate 
for  quantitative  modeling  of  radiation  exposure  effects  on  task  per¬ 
formance,  provided  that  performance  falls  within  a  range  and  is  not 
treated  as  a  point  estimate.  The  number  of  respondents  available  was 
limited  by  operational  constraints.  Only  a  small  subset  of  the  pos¬ 
sible  15,625  symptom  complexes  was  selected  for  study.  Those  selected 
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were  directly  linked  with  specific  doses  of  radiation  and  times  after 
exposure.  Although  impractical  for  the  data  collection  process  used 
in  this  study,  a  representative  sampling  of  the  symptom  complex  domain 
with  larger  sample  sizes  would  increase  predictability  and  precision 
of  the  expected  effects  of  radiation  on  performance. 

It  is  recommended  that  continued  research  into  the  illness- 
performance  relationship  should  incorporate  more  intensive  methods  for 
collecting  information,  in  addition  to  the  group  administered  question¬ 
naire.  One  avenue  of  future  research  could  be  to  use  a  Delphi  approach 
[Dalkey,  1972],  which  includes  several  iterations  of  judgments  for 
examining,  assessing,  and  refining  the  results  of  present  research  in 
the  context  of  more  involvement,  knowledge  storing,  and  discussion. 

Although  the  present  study  provides  a  good  beginning  to  understand¬ 
ing  radiation  effects  on  task  performance,  it  should  be  recognized  that 
the  results  are  unrefined  estimates  made  by  military  personnel  who  had 
relatively  little  time  or  experience  in  making  complex  judgments.  Also, 
the  revisit  questionnaires,  while  providing  additional  information  that 
was  useful  in  interpreting  and  supplementing  the  original  questionnaire 
results,  were  limited  by  time  and  logistical  constraints,  and  thus  did 
not  provide  an  opportunity  for  exercising  a  Delphi  approach  to  achieve 
a  solid  consensus  among  respondents.  Future  research  that  addresses 
these  concerns  would  contribute  greatly  to  the  understanding  of  the 
effect  of  a  nuclear  engagement  on  combat  performance  effectiveness. 

Finally,  it  must  be  remembered  that  at  this  time,  psychological 
factors  that  might  affect  task  performance  during  a  tactical  nuclear 
detonation  were  intentionally  not  addressed.  However,  the  psychologi¬ 
cal  dimension  frequently  surfaces  as  an  important  issue  that  could  have 
bearing  on  the  interpretation  of  combat  performance  that  is  expressed 
here.  Therefore,  we  believe  that  research  to  specifically  address  the 
psychological  factors  that  may  affect  combat  performance  on  a  nuclear 
battlefield  deserves  timely  attention. 
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Table  1.  Length- of  time  in  army  and  specialty  area 
for  respondents  in  four  crews. 


Crew 

Number  of 
Respondents 

Time  in  Army 
(year) 

Time  in  Specialty 
Area  (year) 

Mean 

S.D. 

Range 

Mean 

S.D. 

Range 

Artillery  gun 

21 

7.55 

5.05 

15.50 

5.75 

4.02 

14.33 

FDC 

23 

5.16 

3.89 

14.00 

4.54 

3.60 

14.00 

Tank 

40 

10.08 

1.92 

8.00 

9.25 

2.00 

9.42 

TOW 

41 

11.27 

2.20 

10.67 

7.00 

2.67 

14.00 

Total,  all  crews 

125 

9.14 

3.81 

14.61 

7.05 

3.39 

16.42 

NOTE:  S.D.  =  standard  deviation. 


Table  2.  Military  pay  grade  for  respondents 
in  four  crews. 


Crew 

Number  of 
Respondents 

Military  Pay  Grade 
(for  percent  of  respondents) 

E-4 

lv-5 

E-6 

E-7 

Artillery  gun 

21 

0 

61.9 

23.8 

14.3 

FDC 

23 

43.5 

31.8 

18.2 

4.5 

Tank 

40 

0 

0 

82.1 

17.9 

TOW 

41 

0 

0 

87.2 

12.8 

Total,  all  crews 

125 

8 . 0a 

16. 3« 

62 . 2a 

13, 2a 

‘‘Mean  percent  for  all  crews. 
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Table  3.  Length  of  time  in  positions  for 
respondents  in  four  crews. 

Time  in  Position 
(year) 

Number  of  - 


Crew  Position 

Respondents 

Mean 

S.D. 

Range 

Artillery  gun 

Chief  of  section 

21 

2.43 

2.54 

8.83 

Gunner 

17 

0.87 

0.89 

4.00 

Assistant  gunner 

15 

0.58 

0.68 

2.5u 

Loader 

12 

0.46 

0.51 

1.50 

FDC 

HCO 

18 

0.97 

C.89 

3.00 

Computer 

20 

1.95 

2.24 

10.00 

Tank 

Tank  commander 

40 

5.30 

2.40 

11.00 

Gunner 

33 

1.28 

0.96 

4.00 

Loader 

22 

0.58 

0.66 

2.00 

Driver 

22 

0.81 

1.03 

5.00 

TOW 

Squad  leador 

39 

3.33 

1.95 

7.00 

Gunner 

23 

0.49 

0.72 

3.00 

Loader 

12 

0.27 

0.62 

3.00 

Driver 

10 

0.25 

0.56 

3,00 

NOTE:  S.D<  »  standard  deviation. 


Table  4.  Combat  experience  for  respondents 
in  four  crews. 


Crew 

Number  of 
Respondents 

Respondents 

in 

Army  (%) 

Respondents 

in 

Specialty 
Area  (%) 

Artillery  gun 

21 

19.0 

9.5 

FDC 

23 

13.0 

0 

Tank 

40 

17.5 

2.5 

TOW 

41 

39.0 

7. 3 

Total,  all  crows  123  22. 13 

^Nuan  percent  for  all  crews. 


Table  5.  Supervisory  experience  for  respondents 
in  four  crews. 


Crew 

Number  of 
Respondents 

Percent  of  Respondents  Who 
Supervised  Given  Number 
of  Personnel 

Number 

0 

2 

5 

10 

20 

50  or 
More 

Percent 

Artillery  gun 

21 

5.0 

5.0 

35.0 

30.0 

15.0 

10.0 

FDC 

23 

0 

10.5 

47.4 

31.6 

0 

10.5 

Tank 

40 

0 

0 

0 

2.5 

22.5 

75.0 

TOW 

41 

0 

0 

0 

7.5 

17.5 

75.0 

Total,  all  crews 

125 

Q.8a 

2.5a 

13, 4a 

13. 4a 

16. 0a 

53, 8a 

‘'Mean  percent  for  all  crews. 
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Table  6.  Normal  referent  times  for  task  completion  as 
stated  on  questionnaires. 


Crew  Position 

Task 

Normal 

Referent 

Time 

(sec) 

Artillery  gun 

Chief  of  section 

Receive  fire  order  and  call  quadrant  elevation,  deflection, 

projectile,  charge,  fuze 

3 

Gunner 

Set  deflection 

7 

Traverse  tube  and  level  bubble 

7 

Assistant  gunner 

Set  quadrant  elevation 

7 

Elevate  tube  and  level  bubble 

3 

Loader 

Lift  projectile  to  tray 

2 

Position  and  operate  hydraulic  rammer 

5 

Place  charge  and  release  breech  block 

2 

Insert  primer  and  close  firing  lock 

1.5 

Attach  lanyard  and  fire 

1.5 

Swab  tube  and  inspect  bore 

3 

FDC 

FDO 

Announce  fire  order 

2 

Review  calculations 

5 

Announce  fire  mission 

3 

uco 

Plot  target  location  on  chart 

1  (5)a 

Orient  deflection  protractor 

1  (3)a 

Read  range,  deflection  by  protractor 

3 

Computer 

Calculate  fuse  settings,  deflection,  and  quadrant  elevation 

15 

Announce  fire  commands  to  guns 

3 

Tank 

Tank  commander 

Issue  fire  command 

1 

Range  the  target 

5 

Depress  and  lay  gun  for  direction 

3 

Issue  subsequent  fire  command 

4 

Conner 

Identify  target 

1 

Aim  and  fire 

6 

Apply  fire  adjustment  and  fire 

7 

Loader 

Alls 

1 

Lead  and  arm 

5 

Driver 

Step 

4 

Mounted  TOW 

Squad  leader 

Designate  azimuth  and  target 

4 

Command  ’driver  to  firing  position 

2 

Gunner 

Set  superelevation,  erect,  slow  170  to  10  dog  azimuth 

17 

Adjust  magnificat  ion,  acquire  targets,  identify,  arm  and  fire 

7 

Loader 

Reload 

60 

Rearrange  ready  rack 

60 

Driver 

From  standstill,  drive  forward  40  ft  and  step 

20 

\‘«Mputac ions  for  response  analysis  in  report  reflect  error  in  referent  blocs;  correct 
values  are  given  in  pareuthenua. 


60 


Table  7.  Intertask  consistency  averaged  across  symptoms 
for  positions  within  four  crews. 


Crew  Position 

Number 
of  Tasks 

Average  Correlation3 

Raw  Adjusted 

Artillery  gun 

Chief  of  section 

1 

— 

— 

Gunner 

2 

0.88 

0.95 

Assistant  gunner 

2 

0.73 

0.87 

Loader 

6 

0.91 

0.89 

Crew  average 

0.84 

0.90 

FDC 

FDO 

3 

0.84 

0.90 

HCO 

3 

0.85 

0.90 

Computer 

2 

0.56 

0.75 

Crew  average 

0.76 

0.86 

Tank 

Commander 

A 

0.91 

0.93 

Gunner 

3 

0,88 

0.92 

Loader 

2 

0.53 

0.74 

Driver 

1 

•*** 

**»  **. 

Crew  average 

0.77 

0,86 

TOW 

Squad  leader 

2 

0.79 

0.90 

Gunner 

2 

0.68 

0.84 

Loader 

2 

0.88 

0,95 

Driver 

1 

MW 

•  mm 

Crow  average 

0.78 

0.90 

NOTE:  Adjusted  internal  consistency  estimates 
based  tm  five  tasks.  Dashes ■(— )  indicate  single 
task  only. 


uAU  coefficients  significant  at  p  <  0.001. 


Table  8.  Mean  percent  of  normal  performance  for 
artillery  gun  crew  positions. 


Symptom 

Complex3 

Position 

Chief  of 
Section 

Gunner 

Assistant 

Gunner 

Loader 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

112111 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

113111 

87.80 

20.59 

95.33 

10.18 

95.18 

10.51 

85,31 

24.74 

113121 

68.81 

32.36 

85.08 

24.45 

80.35 

25.91 

78.61 

27.43 

114111 

75.53 

31.41 

85.25 

17.67 

81.29 

20.74 

64.62 

28.31 

123111 

77.75 

30.60 

85.55 

25.43 

83.81 

26.30 

64.07 

40.08 

211111 

68.97 

32.20 

90.29 

23.51 

88.26 

24.67 

87.29 

25.91 

213111 

72.74 

26.84 

93.92 

8.98 

87.32 

13.99 

77.36 

23.55 

224111 

48.25 

35.02 

63.57 

37.65 

58.62 

35.82 

49.13 

42.06 

311111 

85.35 

22.19 

93,69 

22.24 

97.43 

7.41 

87.  J4 

22.86 

312111 

74.21 

24.54 

86.43 

17.62 

80.18 

22.63 

75.10 

27.21 

313111 

72.82 

29.45 

85.60 

23.13 

81.64 

24.08 

71.12 

33.43 

313112 

55.41 

35.52 

67.32 

30.91 

67.81 

26.56 

54.56 

33.81 

314112 

42,98 

32.82 

57.18 

35.50 

53.25 

35.82 

43.91 

44.06 

314113 

30.97 

33.69 

42.26 

41.14 

40.41 

39.26 

29.60 

41.01 

315113 

31.97 

29.29 

50.37 

37.99 

46.32 

34.81 

29.09 

36.73 

334231 

18.99 

26.89 

34.46 

36.60 

35,31 

34.69 

23.63 

36.55 

411111 

67.27 

32.97 

88.91 

15.40 

80.51 

18.94 

71.76 

28,84 

412111 

72.93 

33.23 

84,82 

27.22 

81.44 

30.05 

71.15 

34.88 

413111 

68.21 

28.04 

83.81 

22.95 

81.61 

17.93 

73,39 

28,03 

414111 

54.14 

34.61 

66.55 

30.59 

61.29 

31.02 

49.20 

40.03 

414112 

39.40 

29,8? 

59.52 

32.62 

59.42 

28.88 

41.97 

36,58 

415314 

17,94 

27.37 

24.60 

32.77 

22,50 

29.94 

12.04 

24.17 

513111 

61,22 

32.58 

76,19 

28.09 

73.07 

29.04 

62.60 

38.61 

514111 

58.02 

30.53 

73.96 

26.22 

69.34 

27.04 

49.94 

34.45 

515223 

33.29 

32.95 

48,61 

30.34 

45.19 

25,78 

13,73 

28,13 

515311 

46.34 

31.50 

64.56 

27.68 

76.80 

25,66 

37,68 

37.94 

515431 

20,30 

24.56 

40,82 

31.54 

38.67 

31.97 

20.43 

31.92 

521111 

63.84 

33.65 

77,32 

26.72 

72.90 

28,54 

66.37 

37,89 

525111 

34.07 

33.86 

44.67 

41.29 

43,18 

37,00 

28,67 

38.53 

535111 

27,87 

28.85 

46,63 

34,24 

45.80 

30.57 

26.25 

31.22 

Average 

55.91 

69.91 

67.26 

54,86 

NOTE;  S.D.  *  standard  deviation. 


'‘in  order  ot  severity,  beginning  with  control  symptom  complex 
(normal) . 


Table  9.  Mean  percent  of  normal  performance  for 
FDC  positions. 


Position 


Symptom 

Complex3 

FDO 

HCO 

Computer 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

112111 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

113111 

92.89 

13.80 

95.75 

6.53 

91.72 

12.59 

113121 

74.10 

28.09 

77.94 

25.60 

82.08 

20.52 

114111 

81.21 

20.89 

80.16 

20.77 

81.58 

16.61 

123111 

82.31 

26.21 

76.83 

30.87 

72.79 

28.20 

211111 

76.67 

24.43 

80.39 

24.14 

75.98 

21.66 

213111 

83.58 

20.61 

81.91 

18,17 

84.85 

14.60 

224111 

56,14 

24.36 

58.78 

29.19 

58.72 

28.39 

311111 

80.76 

21.47 

81.19 

19.25 

82.83 

16.40 

312111 

66.92 

21.51 

75.73 

23.71 

74.42 

15,04 

313111 

75.93 

23.10 

68.83 

21.34 

75.66 

21.85 

313112 

59.69 

21.93 

69.61 

22.73 

70.03 

19.80 

314112 

53.25 

23,65  ■;<? 

60.11 

28.06 

61,65 

24.17 

314113 

40.49 

28.35 

47.72 

28.43 

51,29 

23U5 

315113 

49.70 

26.32 

52.56 

30.75 

55.35 

28,36 

334231 

34.34 

25.07 

44.51 

29,67 

45.16 

28.08 

411111 

78.65 

20.23 

81.82 

16.14 

82.39 

18,40 

412111 

75.81 

23.60 

75.86 

20.66 

77.69 

19,55 

413111 

82.76 

19.59 

75.90 

21,19 

85.17 

16,10 

414111 

72.61 

26.06 

69,60 

23.45 

69,44 

23.25 

414112 

62.38 

25,28 

66,01 

22.64 

68.16 

17,96 

415314 

24.42 

23.04 

31.73 

32.66 

27.72 

27,93 

513111 

69.30 

21.56 

70,48 

21.77 

71,91 

19.35 

514111 

59.86 

21.36 

59,19 

25.29 

60,59 

23,69 

515223 

46.11 

25.24 

45,16 

29.44 

47.10 

26.82 

51S311 

58,90 

21.55 

59,38 

22.72 

65,30 

20.54 

515431 

40,62 

21.54 

44,75 

29,02 

46,97 

24.11 

521111 

69.00 

26.07 

68.29 

27.89 

68,30 

25.42 

525111 

47.66 

22.10 

55.86 

25.38 

54,69 

23.69 

535111 

43.11 

21.79 

49.70 

27,15 

53,0? 

22,98 

Average 

64,64 

66.86 

66.09 

NOTE;  S.D.  *  standard  deviation. 

a!n  order  of  severity,  beginning  with  control  symptom 
complex  (normal). 


Table  10.  Mean  percent  of  normal  performance  for 
tank  crew  positions. 


Position 

Symptom 

Complex3 

Tank 

Commander 

Gunner 

Loader 

Driver 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

112111 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

113111 

97.64 

6.96 

96.95 

9.80 

96.63 

7.69 

97.26 

9.82 

113121 

90.19 

15.41 

91.72 

13.50 

87.10 

17.57 

89.09 

15.94 

114111 

75.27 

22.94 

81.47 

18.58 

74,34 

23.88 

78.13 

23.87 

123111 

82.77 

25.42 

84.39 

24.07 

79,27 

24.63 

76.72 

30.72 

211111 

92.39 

15.60 

92.75 

16.08 

93.89 

13.25 

95.04 

12.65 

213111 

79.39 

22.79 

82.07 

17.91 

81.20 

22.37 

87.78 

19.73 

224111 

61.34 

32.04 

66.33 

32.45 

63.72 

30.42 

66.85 

30.52 

311111 

86.07 

18.65 

84.59 

17.50 

88.65 

16.03 

96.27 

8.5? 

312111 

79.73 

22.64 

81.68 

20,94 

83.23 

20.88 

83,63 

22.14 

313111 

82.59 

19,85 

84.41 

17.11 

84.72 

17.14 

86.15 

18,46 

313112 

52,10 

28,73 

57,83 

30,87 

53.32 

32.19 

59.64 

34.77 

314112 

44.75 

33.59 

50.35 

35,09 

47.39 

34.91 

51,20 

36,57 

314113 

32,74 

29.54 

39,65 

33.02 

30.53 

29,19 

41.66 

36.44 

315113 

35.59 

31.33 

41.92 

34,99 

27,96 

23.61 

33,05 

31.99 

334231 

31.12 

31.82 

38,34 

35.58 

35.35 

35,89 

38.91 

36.5? 

411111 

73.25 

20,82 

76,31 

20.44 

79.95 

20.89 

65.66 

19.90 

412111 

81.67 

22.60 

82.98 

21,20 

81.86 

20,94 

85,43 

22,36 

413111 

75,86 

20.53 

79.73 

19.40 

80,05 

21.38 

83,54 

20,64 

414111 

67,81 

27,03 

71.44 

26.21 

63.85 

27.43 

70,76 

26,96 

414113 

53.07 

26.16 

57.77 

24.13 

55,03 

26.80 

61,87 

28,20 

415314 

16,59 

23,20 

17,6? 

26,42 

16,3? 

24,58 

23.61 

32,94 

513111 

63,80 

30,15 

69.72 

29,12 

70.08 

28,61 

73,85 

30,88 

514111 

52.01 

24.46 

62,59 

25,72 

56,01 

26.02 

68,85 

28.55 

S15223 

31,83 

27.00 

36,92 

30,45 

28.26 

27.01 

35.38 

30.46 

515311 

37,30 

28,25 

45,11 

31.48 

40.39 

31.09 

42,35 

29.82 

515431 

26.15 

22,99 

33.46 

27.45 

28,57 

28.19 

36,5? 

31.82 

521111 

68,12 

35.13 

61.54 

34,3? 

60.98 

36,41 

66,99 

36.19 

52SU1 

26.04 

29.98 

31.25 

34,09 

29.13 

33.16 

32,25 

36,08 

535  111 

29.9  a 

26.21 

33,8? 

29.19 

26,78 

26,60 

33.82 

32.2? 

Average 

60,57 

64,49 

6  ,46 

86,0? 

S.D. •» 

standard 

deviation. 

*****  ortier  of  severity,  beginning  with  control  syajj.toa  complex 

(iuu  o.il)  *  .  ' 


Table  11.  Mean  percent  of  normal  performance  for 
mounted  TOW  crew  positions. 


Position 


Squad 

Leader  Gunner  Driver  Loader 


Symptom 


Complex3 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

112111 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

113111 

92.36 

19.89 

88.46 

23.13 

95.33 

16.84 

91.18 

23.49 

113121 

85.03 

24.75 

81.74 

28.10 

91.46 

19.81 

88.53 

24.35 

114111 

77.11 

23.45 

61.99 

26.04 

81.05 

23.51 

63.16 

29.87 

123111 

82.61 

26.93 

75.21 

30.24 

89.87 

19.82 

83.84 

24.07 

211111 

91.34 

21.56 

90.95 

20.70 

95.12 

17.54 

92.21 

18.56 

213111 

80.36 

26.98 

62.86 

29.53 

87.12 

21.06 

77.68 

24.73 

224111 

65.23 

25.41 

57.30 

29.25 

78.37 

23.87 

67.28 

28.22 

311111 

86.19 

20.01 

79.80 

23.66 

92.85 

12.30 

89.28 

19.16 

312111 

76.63 

22.26 

70.09 

30.17 

87.22 

17.37 

84.48 

15.07 

313111 

74.50 

24.27 

70.39 

25.07 

92.83 

10.99 

83.7-9 

23.30 

313112 

53.20 

27.24 

45.97 

29.04 

64,88 

30.18 

50.76 

33.86 

314112 

52.84 

30.21 

42.78 

31.57 

59.10 

34.33 

44.26 

36.60 

314113 

42.86 

31.36 

31.85 

31.14 

48.01 

35.50 

22.95 

34.33 

315113 

33.69 

28.99 

27.78 

28.19 

43.77 

35.05 

24.71 

31.84 

334231 

33.12 

28.74 

26.29 

25.86 

41.53 

35.16 

31.20 

33.02 

411111 

77.50 

22.72 

71.82 

28.80 

93.76 

12.42 

87.19 

13.53 

412111 

83.42 

23.70 

79.16 

25.57 

91.62 

13.79 

83.94 

21.08 

413111 

74.33 

26.07 

63.06 

26.28 

85.37 

20.65 

76.77 

29.92 

414111 

68.98 

28.84 

59.28 

29.08 

75.27 

25.92 

58.24 

30.78 

414112 

50.88 

28.17 

42.17 

28.82 

61.76 

35,30 

48.76 

37.22 

415314 

25.22 

28.38 

18.27 

26.23 

29.83 

32.94 

13.82 

25.08 

513111 

61.84 

28.19 

53.81 

32.10 

74.15 

26.93 

66.35 

32.00 

514111 

55.71 

31.03 

48.55 

30.03 

67.61 

35.57 

48.68 

37.69 

515223 

34.59 

27.42 

18.90 

20.49 

36.05 

32.24 

15.52 

26.38 

515311 

40.48 

30.78 

28.98 

24.64 

52.84 

30.38 

25.05 

31.11 

515431 

29.35 

23.12 

22.26 

22.78 

35.64 

31.89 

20.17 

27.21 

521111 

74.64 

29.26 

66.80 

33.01 

79.65 

26.90 

76.80 

32.34 

525111 

43.63 

32.85 

33.15 

31.98 

46.38 

37.83 

19.94 

33.03 

535111 

40.06 

28.87 

28.48 

27.37 

44.54 

36.25 

26.89 

34.22 

Average 

62.92 

54.94 

70.77 

58.78 

NOTE:  S.D.  =  standard  deviation. 


a 

In  order  of  severity,  beginning  with  control  symptom  complex 
(normal) . 


Table  12.  Order  of  symptom  complex  severity  across 
positions  for  four  crews. 


Symptom  Complex  Severity  Ratings 
by  Crew3 

Artillery 

All 

Gun 

FDC 

Tank 

TOW 

Crews 

112111 

112111 

112111 

112111 

112111 

311111 

113111 

113111 

113111 

113111 

113111 

213111 

211111 

211111 

311111 

211111 

311111 

311111 

311111 

211111 

123111 

413111 

113121 

113121 

113121 

313111 

411111 

313111 

411111 

213111 

412111 

114111 

412111 

412111 

313111 

213111 

211111 

213111 

123111 

412111 

113121 

113121 

312111 

312111 

123111 

312111 

123111 

123111 

313111 

411111 

411111 

412111 

413111 

213111 

312111 

413111 

313111 

411111 

521111 

413111 

114111 

312111 

114111 

413111 

114111 

513111 

513111 

414111 

114111 

521111 

521111 

414111 

513111 

224111 

513111 

525111 

313112 

224111 

414111 

414111 

224111 

521111 

521111 

513111 

224111 

313112 

414112 

514111 

514111 

313112 

314113 

515311 

414112 

313112 

514111 

514111 

514111 

313112 

414112 

414112 

414111 

314112 

314112 

314112 

314112 

314112 

224111 

515311 

515311 

515311 

515311 

315113 

314113 

314113 

314113 

414112 

525111 

334231 

525111 

525111 

315113 

535111 

315113 

535111 

315113 

334231 

515223 

515223 

315113 

334231 

415314 

314113 

515431 

334231 

535111 

515223 

515431 

535111 

515223 

515223 

535111 

334231 

525111 

515431 

515431 

515431 

415314 

415314 

415314 

415314 

NOTE:  Order  of  symptom  sets  was  determined  by 
the  sum  of  ranks  for  the  percent  of  normal  perfor¬ 


mance  across  crewmembers.  Hank  order  agreement 
tested  across  crews;  Kendall's  W  a  0.95,  x2 <29>  » 


109.74,  p  <  0.001. 


aIn  order  of  severity,  beginning  with  control 
symptom  complex  (normal). 


Table  13.  Rank  order  consistency  of  symptoms 
across  four  crews. 


Crew  Position 

Tasks  within  Position3 

Kendall's  5/ 

Artillery  gun 

Chief  of  section 

— 

— - 

Gunner 

0.98 

57.10 

Assistant  gunner 

0.97 

56.41 

Loader 

0.96 

167.87 

FDC 

FDO 

0.98 

85.08 

HC0 

0.97 

84.80 

Computer 

0.98 

56.78 

Tank 

Commander 

0.98 

115.16 

Gunner 

0.98 

85.31 

Loader 

0.99 

57.21 

Driver 

— 

TOW 

Squad  leader 

1.00 

77.65 

Gunner 

0.99 

77.33 

Loader 

1.00 

77.85 

Driver 

W  M 

All 

Positions 

within  Grow3 

Crew 

Kendall' 

..  2 

8  W  V 

Artillery  guu 

0.94 

109.15 

FDC 

0.97 

84.76 

Tank 

0.98 

114.05 

TOW 

0.98 

113.52 

Sank  order  consistency 

across  crows 

0.94 

109,10 

NOTE;  Based  on  average  percent  of  normal  per¬ 
formance  computed  across  subjects  on  30  symptom 
complexes,  with  responses  in  no  effect  and  cannot 
do  categories  included.  Dashes  <«*-)  indicate 
single  task  only, 
a  > 

AH  values  of- x*  aigttificaot  at  p  <  0.001, 
d#  -  29. 


0? 


Table  14.  Summary  of  average  expected  effects  across  30  symptom 
complexes  on  artillery  gun  crew  tasks. 


Position 

Task 

Responses  in 
Unaffected 
Category  (%) 

Responses  in 
Incapacitated 
Category  (%) 

Mean 
Percent 
of  Normal 
Performance 

Chief  of  section 

Receive  fire  order  and  call 

31.75 

13.49 

55.91 

Gunner 

Set  deflection 

44.76 

13.38 

72.07 

Traverse  tube  and  level  bubble 

36.51 

13.81 

68.19 

Assistant  gunner 

Set  quadrant  elevation 

46.51 

11.43 

74.40 

Elevate  tube  and  level  bubble 

35.87 

12.54 

60.71 

Loader 

Lift  projectile  to  tray 

30.48 

29.37 

48.99 

Position  and  operate  rammer 
Place  charge,  release  breech 

43. AS 

18.25 

64.05 

block 

Insert  primer,  close  firing 

32.86 

23.02 

56.20 

lock 

35.40 

11.90 

62.33 

Attach  lanyard  and  fire 

44.29 

11.27 

67.98 

Swab  tube  and  inspect  bore 

47.14 

12.54 

70.34 

Table  15.  Summary  of  average  expected  effects  across  30  symptom 
complexes  on  FDC  crew  tasks. 


Position 

Task 

Responses  in 
Unaffected 
Category  {%) 

Responses  in 
Incapacitated 
Category  (%) 

Mean 
Percent 
of  Normal 
Performance 

POO 

Announce  fire  order 

29.27 

4.33 

5?.S0 

Review  calculations 

34.02 

5.65 

67.09 

Announce  fire  mission 

41.87 

4.19 

69.32 

UCO 

Plot  target  location  on  chart 

31.62 

5.93 

69,22 

Orient  deflection  protractor 

40.92 

5.21 

69.70 

Read  range,  deflection  by 
protractor 

27.04 

5.65 

61.99 

Coaputor 

Calculate  fuze  setting, 
deflect  inn,  quadrant 
elevat ion 

32.03 

4.92 

75.63 

Announce  fire  commands  to  gunner 

27.10 

4.08 

60.92 
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Table  16.  Summary  of  average  effects  across  30  symptom  complexes 
on  tank  crew  tasks. 


Position 

Task 

Responses  in 
Unaffected 
Category  (Z) 

Responses  in 
Incapacitated 
Category  (Z) 

Mean 
Percent 
of  Normal 
Performance 

Tank  commander 

Issue  fire  command 

34.38 

13.92 

53.10 

Range  the  target 

38.97 

15.25 

65.03 

Press  and  lay  gun  for 

direction 

34.71 

15.42 

59.37 

Issue  subsequent  fire 

command 

36.63 

14.03 

64.70 

Gunner 

Identify  target 

36.29 

14.08 

55.93 

Aim  and  fire 

42.22 

14.00 

69.95 

Apply  fire  adjustment 

and  fire 

35.46 

14.33 

68.06 

Loader 

Arm 

49.73 

14.67 

63.81 

Load  and  ana 

28.95 

19.81 

59.05 

Driver 

Stop 

39.55 

15.67 

66.07 

Table 

17.  Summary  of  overage  expected  effects 
complexes  for  mounted  TOW  tasks. 

across  30  symptom 

Position 

Task 

Responses  in 
Unaffected 
Category  (X) 

Responses  in 
Incapacitated 
Category  (Z) 

Hean 
Percent 
of  Normal 
Performance 

Squad  leader 

Designate  asetautb  and  target 

36.69  ' 

8.49 

63.41 

Command  driver  to  firing 

position 

40,35 

7.51 

62.44 

Conner 

Set  superelevation,  erect,  and 

slew  70  deg 

31,47 

12.21) 

47.89 

Adjust  oagaif  lent «>«»  acquire 
target,  arm  and  fire 

30.17 

12,60 

62.96 

Track  target  last  6  arc 

23,08 

11.94 

66,06 

Loader 

Reload 

.  27,20 

27.90 

58.00 

Rearrange  ready  rack 

27,66 

25.84 

59.61 

Driver 

Drive  forward  40  ft  and  atop 

39.54 

12.92 

70.77 

69 


Driver 


70,77 


Table  18.  Mean  percent  of  normal  performance 
for  combined  crew. 


Crew 


Artillery 

Gun  FDC  Tank  TOW 


Symptom 


Complex3 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

112111 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

113111 

90.90 

13.52 

93.45 

9.03 

97.12 

5.72 

91.83 

18.18 

113121 

78.22 

25.70 

78.04 

22.65 

89.53 

12.91 

86.69 

21.57 

114111 

76.67 

18.92 

80.98 

16.62 

77.30 

18.26 

70.83 

19.37 

123111 

77.79 

27.31 

77.31 

26.09 

80.79 

22.82 

82.88 

22.05 

211111 

83.70 

23.69 

77.68 

21.91 

93.52 

12.86 

92.40 

18.03 

213111 

82.84 

13,53 

83.45 

15.56 

82.61 

17.34 

77.01 

19,80 

224111 

54.89 

34.00 

57.88 

24.49 

64.56 

29.03 

67,04 

20.85 

311111 

90.90 

13.01 

81.60 

14.82 

88.89 

11.99 

87.03 

15.35 

312111 

78.98 

20.38 

72.36 

16.32 

82,07 

18.69 

79160 

17.36 

313111 

77.80 

23.48 

73.48 

18.93 

84.47 

14.51 

80.38 

15.55 

313112 

61.27 

27.52 

66.44 

18.94 

55.72 

29.09 

53.70 

24.52 

314112 

49.33 

34.53 

58.34 

23.86 

48.42 

33,66 

49.42 

28.42 

314113 

35.81 

36.28 

46.50 

24,82 

36.14 

30.05 

36.42 

28.01 

315113 

39.44 

30.90 

52.54 

26,94 

34.63 

27.20 

31.85 

26.89 

334231 

28.10 

29.84 

41,34 

24.94 

35.93 

32.86 

33.04 

27.88 

411111 

77.11 

19.16 

00.95 

15.13 

78.79 

16,88 

82.57 

15.16 

412111 

77,59 

28.79 

76.46 

18.82 

82.98 

18.35 

84.54 

17.75 

413111 

76.76 

22.06 

81.28 

16,07 

79.80 

15.59 

74.88 

19.17 

414111 

57.79 

31.15 

70,55 

21. 0C 

68.47 

23.91 

65.44 

22.91 

414112 

50,07 

25.72 

65.52 

19.49 

56.94 

23.41 

50.89 

26.83 

415314 

19.27 

26,57 

27.96 

26.93 

18.56 

25.13 

21.78 

23,44 

S13111 

68,27 

28,26 

70.56 

18.18 

69.36 

27.27 

64.04 

26,78 

514111 

62,81 

25,08 

59.88 

20.79 

59.86 

23.34 

55.14 

28,46 

515223 

35,20 

23.30 

46.12 

24.63 

33.10 

26,71 

26.27 

20.92 

515311 

53.59 

24.67 

SI,  19 

19.09 

41.29 

28.10 

36.84 

25.39 

515431 

30.06 

24.62 

44,11 

22.74 

31.19 

24.75 

26.86 

21,82 

52U11 

70.11 

27,33 

68,50 

24,56 

61.66 

33.50 

74.47 

26,66 

525111 

37,65 

34.51 

52,74 

21,33 

29,67 

31,94 

35.79 

27.91 

535111 

36.64 

27.25 

48.63 

22.20 

31.10 

26,71 

34.99 

26.19 

Average 

61.99 

66.53 

63.15 

61.82 

MOTE:  S.D.  «  standard  deviation. 


aXn  order  of  severity,  beginning  witii  control  symptom  complex 
(normal). 
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Table  19.  Summary  of  multiple  regression  analysis  of 
symptoms  on  combined  crew  performance. 


Symptom 

Component 

R2 

8 

F 

Fatigability/ 

weakness 

0.3183 

-0.242 

191.387 

Fluid  loss 

0.3531 

-0.299 

406.114a 

Upper  gastrointestinal 

distress 

0.3900 

-0.205 

212.375 

Infection  and  bleeding 

0.4108 

-0.086 

25.985a 

Lower  gastrointestinal 

distress 

0.4263 

-0.167 

122.639 

Hypotension 

G.42S0 

-0.081 

18.471a 

Intercept  constant 

0.0001 

-0.024 

4.162b 

NOTE:  Adjusted  R2  ~  0.428,  standard  error  =  23.885. 
All  values  of  $  tested  with  F  statistic;  df  =  1,  and 
355. 


ap  <  0.001. 

bp  <  0,05. 
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Table  20.  Mean  percent  of  responses  in  no  effect  and  cannot  do 
categories  for  artillery  gun  crew  positions. 


Position 


Chief  of  Assistant 

Section  Gunner  Gunner  Loader 


Symptom 

No 

Cannot 

No 

Cannot 

No 

Cannot 

No 

Cannot 

Complex3 

Effect 

Do 

Effect 

Do 

Effect 

Do 

Effect 

Do 

112111 

100.00 

0.00 

100,00 

0.00 

100.00 

0,00 

100.00 

0.00 

113111 

71.43 

0.00 

76.19 

0.00 

76.19 

0.00 

52.38 

4.76 

113121 

42.86 

4.76 

52.38 

4.76 

47.62 

4.76 

23.81 

4.76 

114111 

57.14 

0.00 

42.86 

0.00 

38.09 

0.00 

4.76 

9.52 

123111 

57.14 

4.76 

52.38 

4.76 

52.38 

4.76 

19.05 

23.81 

211111 

42.86 

4.76 

71.43 

4.76 

71.43 

4.76 

61.91 

4.76 

213111 

42.86 

0.00 

61.91 

0.00 

47.62 

0.00 

14.29 

4.76 

224111 

19.05 

14.29 

28.57 

19.05 

23.81 

19,05 

9.52 

38.09 

311111 

66.67 

0.00 

85.71 

4.76 

85.71 

0.00 

38,09 

4,76 

312111 

42.86 

0.00 

47.62 

0.00 

47,62 

0,00 

28.57 

4.76 

313111 

42.86 

4.76 

47,62 

4.76 

42.86 

4.76 

23.81 

19.05 

313112 

28.57 

9.52 

23.81 

9.52 

19.05 

4.76 

4.76 

19,05 

314112 

9.52 

14.29 

14.29 

19.05 

19.05 

19.05 

19.05 

42,86 

314113 

9.52 

38.09 

14.29 

42,86 

9. 52 

42.86 

9,52 

61.91 

315113 

9.52 

23.81 

14.29 

28.57 

4.76 

28.57 

0,00 

57.14 

334231 

4,76 

52,38 

4.76 

47.62 

4.76 

42.86 

0,00 

66.67 

411111 

42.86 

0,00 

52.38 

0.00 

38.09 

0.00 

14,29 

9.52 

412111 

52.38 

4,76 

52,38 

4.76 

57.14 

4.76 

23.81 

14.39 

413111 

33.33 

4.76 

38.09 

4.76 

33,33 

0.00 

9.52 

4.76 

414111 

23.81 

9.52 

19.05 

9,52 

14.29 

9.52 

9.52 

33.33 

414112 

9,52 

19.05 

9.52 

14.29 

4,75 

9.52 

0.00 

38.09 

415314 

4.76 

61.91 

0.00 

61.91 

0.00 

61.91 

0.00 

76.19 

513111 

28.57 

4,76 

33.33 

4,76 

33.33 

4.76 

19.05 

23.81 

514111 

23.81 

4.76 

23.81 

4.76 

23.81 

4.76 

4.76 

23.81 

515223 

9.52 

23.81 

9,52 

19.05 

4.76 

14,29 

0.00 

76.19 

515311 

14.29 

9.52 

9,52 

9.52 

9.52 

4,76 

4,76 

42.86 

515431 

4.76 

23.81 

4.76 

23.81 

9.52 

23.81 

4.76 

61,91 

521111 

38.09 

4.76 

42.86 

4,76 

42.86 

<,76 

19.05 

19.05 

525111 

9.52 

38,09 

14,29 

42.86 

4.76 

38.09 

0.00 

61.91 

535111 

9.52 

38.09 

14.29 

42.86 

4.76 

38.09 

0.00 

52,38 

average 

31.75 

13.49 

35.40 

13.97 

32.54 

12.54 

17.30 

30,00 

ttTn  order  of  severity,  beginning  with  control  symptom  complex 
(normal). 
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Table  21.  Summary  of  multiple  regression  analysis  for 
artillery  gun  crew  positions. 


3  Weights  for  Position 

Symptom 

Component 

Chief  of 
Section 

Gunner 

Assistant 

Gunner 

Loader 

Upper  gastrointestinal 

distress 

-0.1503 

-0.116° 

-0.125“ 

-0.131“ 

Lower  gastrointestinal 

distress 

-0,165“ 

-0.195“ 

-0.173“ 

-0.136“ 

Fatigability/ 

weakness 

-0.158“ 

-0.166“ 

-0.186“ 

-0.246“ 

Hypotension 

-0.042 

-0.064 

-0.033 

-0.056 

Infection  and  bleeding 

-0.144b 

-0.107C 

-0.122b 

-0.089 

Fluid  loss 

-0.270a 

-0.3083 

-0.307a 

-0.2463 

Adjusted  R“ 

0.28 

0.30 

0.29 

0.29 

F  (6,  and  602) 

38.49a 

42.77a 

43.02a 

43.18a 

Standard  error 

30.93 

29.05 

28.12 

33.62 

NOTE;  Values  of  0  tested  with  F  statistic,  d£  »  1,  and  602. 


ap  <  0.001. 
bp  <  0.01. 

cp  <0.05. 
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Table  22.  Mean  percent  of  responses  in  no  effect  and  cannot  do 
categories  for  FDC  positions. 


Symptom 

Complex3 

Position 

FDO 

HCO 

Computer 

No 

Effect 

Cannot 

Do 

No 

Effect 

Cannot 

Do 

No 

Effect 

Cannot 

Do 

112111 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

113111 

73.91 

0.00 

65.22 

0.00 

60.87 

0.00 

113121 

39.13 

0.00 

34.78 

0.00 

34.78 

0.00 

114111 

39.13 

0.00 

26.09 

0.00 

26.09 

0.00 

123111 

60.87 

0.00 

34.78 

8.70 

21.74 

8.70 

211111 

30.43 

4.35 

17.39 

4.35 

13.04 

4.35 

213111 

47.83 

0.00 

26.09 

0,00 

17.39 

0.00 

224111 

4.35 

4.35 

4.35 

13.04 

4.35 

13.04 

311111 

39,13 

0.00 

21.74 

0.00 

21.74 

0.00 

312111 

13.64 

0.00 

22.73 

0.00 

9.09 

0.00 

313111 

26.09 

0.00 

8.70 

0.00 

21,74 

0.00 

313112 

8.70 

0.00 

8.70 

0,00 

8.70 

0.00 

314112 

4.35 

4.35 

4.35 

4.35 

8.70 

4.35 

314113 

4.35 

13.04 

4.35 

13.04 

4.35 

8.70 

315113 

4.35 

4.35 

4.35 

13.04 

4.35 

8.70 

334231 

0,00 

17.39 

0.00 

21.74 

4.35 

17.39 

411111 

26.09 

0.00 

26.09 

0.00 

39,13 

0,00 

412111 

29,17 

0.00 

16.67 

0.00 

20.83 

0.00 

413111 

34.78 

0.00 

21.74 

0.00 

36.43 

0.00 

414111 

26.09 

0.00 

8.70 

0.00 

17,39 

0.00 

414112 

13.04 

0.00 

8.70 

0.00 

4.35 

0.00 

415314 

0.00 

30.43 

4,35 

39.13 

0.00 

43.48 

513111 

17.39 

0.00 

8,70 

0.00 

13.04 

0.00 

514111 

8.70 

0.00 

4.35 

4.35 

4.35 

4.35 

S1S223 

0,00 

8.70 

0,00 

17.39 

0,00 

13.04 

S1S311 

4.35 

0,00 

0.00 

4.35 

8,70 

0.00 

S1S431 

0,00 

8.70 

4,35 

13.04 

4.35 

8.70 

521111 

21,74 

4.35 

13.04 

4,35 

13.04 

4,35 

S2S1U 

4,35 

4.35 

4.35 

8,70 

0,00 

8.70 

535111 

0.00 

4. 35 

0.00 

13.04 

0.00 

4,35 

Average 

22.73 

3.61 

16.82 

6.08 

17.24 

5,07 

aT«  order  of  severity,  beginning  with  control  symptom  complex 
(normal). 
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Table  23.  Summary  of  multiple  regression  analysis 
for  FDC  positions. 


Symptom 

Component 

3  Weights  for  Position 

FDO 

HCO 

Computer 

Upper  gastrointestinal 

distress 

-0.147 

-0.143“ 

-0.118° 

Lower  gastrointestinal 

distress 

-Q.230a 

-0.165a 

-0.231a 

Fatigability/ 

weakness 

-0.076 

-0.1161- 

-0.079 

Hypotension 

-0.098 

-0.089 

-0.143b 

Infection  and  bleeding 

-O.UOc 

-0.079 

-0.050 

Fluid  loss 

-0.350a 

-Q.269a 

-0.325a 

2 

Adjusted  R 

0.30 

0.23 

0.27 

F  (6,  and  660) 

48.02a 

4Q.31a 

42.14 

Standard  error 

23.83 

24.97 

22.40 

MOTE;  Values  of  3  tested  with  F  statistic, 
df  =  1,  and  660. 

ap  <  0,001. 

bp  <  0.01. 

Cp  <  0.05. 
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Table  24.  Mean  percent  of  responses  in  no  effect  and  cannot  do 
categories  for  tank  crew  positions. 


Position 

Tank 

Commander 

Gunner 

Loader 

Driver 

Symptom 

No 

Cannot 

No 

Cannot 

No 

Cannot 

No 

Cannot 

Complex3 

Effect 

Do 

Effect 

Do 

Effect 

Do 

Effect 

Do 

112111 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

113111 

82.50 

0.00 

85.00 

0.00 

77.50 

0.00 

92.50 

0.00 

113121 

60.00 

0.00 

62.50 

0.00 

52.  50 

0.00 

62.50 

0.00 

114111 

22.50 

0.00 

37.50 

0.00 

25.00 

2.50 

42.50 

2.50 

123111 

50.00 

2.50 

60.00 

2.50 

45.00 

2.50 

52.50 

7.50 

211111 

70.00 

0.00 

72,50 

0.00 

72.50 

0.00 

85.00 

0.00 

213111 

42.50 

0.00 

32.50 

0.00 

40.00 

0.00 

67.50 

0.00 

224111 

20.00 

12.50 

27.50 

12.50 

20.00 

10,00 

27. SO 

10.00 

311111 

40.00 

0.00 

42.50 

0.00 

52.50 

0.00 

82. 5Q 

0.00 

312111 

42.50 

0.00 

42.50 

0,00 

42.50 

0.00 

57,50 

0.00 

313111 

36.46 

0.00 

41.03 

0.00 

38,46 

0,00 

58.97 

0.00 

313112 

7.50 

12,50 

7.50 

15.00 

10.00 

15.00 

27.50 

17.50 

314112 

10.00 

25.00 

10,00 

25.00 

7.50 

25,00 

17.50 

27,50 

314113 

2.50 

30.00 

2.50 

32.50 

0.00 

35,00 

10.00 

37.50 

315113 

2.50 

30.00 

5.00 

30.00 

0.00 

30.00 

2.50 

40.00 

334231 

2,50 

37.50 

5.00 

37,50 

5,00 

37.50 

12.50 

40,00 

411111 

22,50 

0.00 

25.00 

0.00 

35,00 

0,00 

60.00 

0.00 

412111 

47.50 

0.00 

42.50 

0.00 

40.00 

0.00 

62.50 

0.00 

413111 

22.50 

0.00 

30,00 

0.00 

30.00 

0.00 

52.50 

0.00 

414111 

30.00 

2,50 

30.00 

2.50 

15.00 

5.00 

32.50 

5.00 

414112 

10,09 

7.50 

7.50 

7.50 

7.50 

7,50 

22.50 

7.50 

415314 

0.00 

60.00 

0,00 

65.00 

0,00 

60.00 

7,50 

60,00 

513111 

20,00 

7.50 

30.00 

7,50 

22,50 

7.50 

47.50 

7,50 

514111 

7.50 

5,00 

5,00 

7,50 

5.00 

7.50 

30,00 

7,50 

515223 

5,00 

30.00 

5,00 

32.50 

2.50 

35,00 

7,50 

35.00 

515311 

0.00 

25.00 

7,59 

25.00 

2,50 

27,50 

S.OO 

25,00 

515431 

0.00 

25.00 

0,00 

32.50 

2,50 

32,50 

5.00 

32,50 

521111 

22.50 

17.50 

25.00 

17,50 

20,00 

17.50 

37,50 

17.50 

S25111 

2.50 

45.00 

2.50 

47.50 

2.50 

45.00 

10.00 

50.00 

535111 

2.50 

32,50 

2,50 

35,00 

2,50 

32.50 

7,50 

40.00 

Average 

26.20 

13.58 

28.20 

14,50 

25,6? 

14.50 

39.  S5 

*5.6? 

order  of  severity,  beginning  with  control  symptom  complex 
(normal). 
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Table  25.  Summary  of  multiple  regression  analysis 
for  tank  crew  positions. 


3  Weights  for  Position 

Symptom 

Component 

Tank 

Commander 

Gunner 

Lorier 

Driver 

Upper  gastrointestinal 

distress 

-0.239“ 

-0.219“ 

-0.195 

-0.141“ 

Lower  gastrointestinal 

distress 

-0.188“ 

-0.211“ 

-0.181“ 

-0.197“ 

Fatigability/ 

weakness 

-0.2293 

-0.1743 

-0.2723 

-0. 258a 

Hypotension 

-0.097b 

-0.069c 

-0.100b 

Infection  and  bleeding 

-0.043 

-0.019 

-0.050 

-0.025 

Fluid  loss 

-0.2863 

-0.305a 

-0. 311a 

-0.279a 

2 

Adjusted  R 

0.42 

0.38 

0.43 

Q.37 

F  (6,  and  1152) 

138. 84a 

118. 15a 

145. 64a 

113, 44a 

Standard  error 

26.38 

26.87 

26.61 

28.40 

NOTE;  Values  of  3  tested  with  F  statistic,  df  =  1,  and  1152. 


ap  <  0.001. 
bp  <  0.01. 

Cp  <  0.05. 
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Table  26.  Mean  percent  of  responses  in  no  effect  and  cannot  do 
categories  for  mounted  TOW  crew  positions. 


Position 


Squad 

Leader  Gunner  Driver  Loader 


Symptom 

No 

Cannot 

No 

Cannot 

No 

Cannot 

No 

Cannot 

Complex3 

Effect 

Do 

Effect 

Do 

Effect 

Do 

Effect 

Do 

112111 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

100.00 

0.00 

113111 

80.49 

2.44 

70.73 

2.44 

85.37 

2.44 

70.73 

4.88 

113121 

65.85 

2.44 

58.54 

2.44 

73.17 

2.44 

63.41 

4.88 

114111 

31.71 

0.00 

14.63 

2.44 

46.34 

2,44 

14.63 

12.20 

123111 

63.41 

2.44 

51.22 

4.88 

63.41 

2.44 

41,46 

4.83 

211111 

80.49 

2.44 

75.61 

2.44 

85.3? 

2.44 

70.73 

2.44 

213111 

51.22 

0.0Q 

24.39 

2.44 

58,54 

2.44 

19,51 

4.88 

224111 

24,39 

2.44 

19,51 

4,88 

34.15 

4,88 

12.20 

9.76 

311111 

58.54 

0.00 

46,34 

G,Q0 

68.29 

0,00 

60.98 

2.44 

312111 

41.46 

0.00 

34.15 

0.00 

53.66 

0.00 

34,15 

0.00 

313111 

36,59 

0.00 

26.83 

0.00 

60.98 

0,00 

36.59 

4.88 

313112 

9.76 

2.44 

12.20 

7.32 

19.51 

9,76 

9.76 

24,39 

314112 

19,51 

9,76 

7,32 

21.95 

17,50 

20.00 

4.88 

36.59 

314113 

12.20 

14,63 

7.32 

31.71 

9.76 

29.27 

4.88 

63.41 

315113 

7.50 

20.00 

7,50 

32.50 

10.00 

30,00 

2.44 

56.10 

334231 

4.88 

24.39 

0.00 

39.02 

7,32 

34,15 

2.44 

46,34 

411111 

36,59 

0,00 

31,71 

4.88 

73.17 

0.00 

34,15 

0.00 

412111 

60,00 

0.00 

50.00 

0.00 

67.50 

0.00 

37.50 

2.50 

413111 

39.02 

0.00 

19,51 

0.00 

48.78 

0,00 

24,39 

9.?6 

414111 

35.00 

2,50 

20,00 

2.50 

32,50 

5.00 

12.50 

15.00 

414112 

7.32 

4,88 

4,8-3 

17.07 

19.51 

17,07 

4.88 

31,71 

41S314 

7.32 

31,71 

2.44 

53.66 

2.44 

48.78 

0.00 

73,1? 

513111 

21,98 

2.44 

19,51 

7,32 

29.27 

4,88 

14,63 

14,63 

514111 

17.07 

9,76 

9.76 

14.63 

31.71 

17,07 

9,76 

31.71 

515223 

2.44 

14.63 

0.00 

43.90 

4.88 

34.15 

0,00 

68.29 

5 1 S  3 1 1 

9.76 

12.20 

2,44 

21,95 

7.32 

14,63 

2.44 

51,22 

5 15431 

2,44 

17,07 

2.4  4 

34,15 

4.88 

36.59 

0.00 

56,10 

521111 

51.22 

2,44 

36.59 

4,88 

46.34 

4.88 

43,90 

9.76 

525111 

17,50 

17,50 

7.S0 

32.50 

12.80 

32,50 

5.0O 

70.00 

535111 

7.32 

12.20 

4.80 

29.27 

12.20 

29.2? 

0.00 

56,10 

Average 

33.43 

7.02 

25,60 

14.04 

39,54 

12.92 

24,60 

2S.60 

*  tu  order  of  severity,  beginning  with  control  symptom  complex 
(normal). 
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Table  27.  Summary  of  multiple  regression  analysis 
for  mounted  TOW  positions. 


'  -• 

B  Weights  for  Position3 

Symptom 

Component 

Squad 

Leader 

Gunner 

Loader 

Driver 

Upper  gastrointestinal 

distress 

-0. 185° 

-0.181° 

-0.164° 

-0.154° 

Lower  gastrointestinal  ,  , 

distress 

-0. 1Q8d 

-0.089c 

-0.079c 

-0.121° 

Fatigability/  , 

weakness 

-0. 215° 

-0.274° 

-0.345° 

-0.235° 

Hypotension 

-0. 084c 

-0.062 

-0.073d 

-0.078d 

Infection  and  bleeding 

-0. 099c 

-0. 086c 

-0.067° 

-0. 112b 

Fluid  loss 

-0.262b 

-0. 238b 

-0.252b 

-0. 281b 

2 

Adjusted  R 

0.33 

0.34 

0.42 

0.35 

F  (6,  and  1182) 

98.23b 

103. 48b 

141. 61b 

107. 39b 

Standard  error 

27.37 

28.43 

29.91 

27.61 

NOTE:  Values  of  0  tested  with  F  statistic,  df  =  1,  and  1182. 


aBased  on  30  symptom  complexes. 

bp  <  0.001. 
cp  <  0.01. 

dp  <  0.05. 
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Table  28.  Mean  percent  of  responses  in  no  effect  and  cannot  do 
categories  for  ordinary  tasks. 


Ordinary  Task*3 


1  2  3  4  5  6 


Symptom 

Complex3 

No 

Effect 

"Cannot 

Do 

No 

Effect 

Cannot 

Oo 

No 

Effect 

Cannot 

Do 

Nn 

Effect 

Cannot 

Do 

No 

Effect 

Cannot 

Do 

No 

Effect 

Cannot 

Do 

112111 

46.28 

0.00 

40.50 

0.00 

42.15 

0.00 

45.90 

0.00 

41.32 

0.00 

52.46 

0.00 

113111 

47.15 

0.81 

46.34 

1.63 

35.77 

0.00 

37.90 

0.00 

33.33 

1.63 

47.97 

0.00 

113121 

29.84 

3.23 

28.23 

4.84 

17.89 

4.06 

16.13 

4.03 

18.70 

4.06 

30.64 

0.81 

114111 

8.07 

10.48 

8.13 

11.33 

8.80 

7.20 

8.00 

6.40 

10.40 

8.80 

29.60 

1.60 

123111 

28.45 

8.94 

25.20 

12.20 

15.45 

8.13 

10.48 

8.87 

12.20 

10.57 

34.68 

3.23 

211111 

42.74 

3.23 

40.16 

4.10 

27.64 

2.44 

26.61 

3.23 

21.95 

2.44 

41.13 

0.81 

213111 

20.33 

2.44 

14.63 

2.44 

19.36 

0.81 

16.00 

2.40 

21.77 

1.61 

30.40 

0.80 

224111 

7.26 

18.55 

7.26 

21.77 

5.64 

16.93 

4.80 

16.00 

10.48 

17.74 

•23.20 

8.00 

311111 

34.15 

2.44 

29.27 

1.63 

28.69 

1.64 

30.89 

0.81 

33,61 

0.82 

39.84 

0.00 

312111 

17.21 

1.64 

15.70 

2.48 

8.94 

3.25 

8.87 

3.23 

10.57 

3.25 

24.19 

0.81 

313111 

21.14 

2.44 

19.01 

1.65 

14.75 

0.82 

17.21 

2.46 

16.39 

1.64 

26.02 

0.00 

313112 

7.32 

22.76 

7.38 

24.59 

5.60 

19.20 

1.61 

16.93 

3.20 

16.00 

18.40 

7.20 

314112 

8.20 

33.61 

9.09 

34.71 

3.23 

28.23 

4.00 

25.60 

4.03 

25.00 

13.60 

13.60 

314113 

3.25 

61.79 

4.10 

59.02 

1.63 

49.59 

2.44 

44.72 

2.44 

47.15 

9.02 

20.49 

315113 

0.81 

58.54 

0.81 

58.54 

2.42 

46.77 

0.81 

39.84 

0.00 

45.97 

8.07 

17.74 

334231 

2.42 

58.87 

3.23 

59.68 

0.80 

47.20 

0.00 

42.40 

0.80 

48.00 

6.45 

26.61 

411111 

17.89 

3.25 

15.45 

5.69 

21.77 

0.81 

31.20 

1.60 

31.20 

2.40 

32.80 

1.60 

412111 

20.16 

3.23 

18.55 

4.03 

12.20 

4.88 

11,29 

4.84 

8.94 

4.88 

28.23 

1.61 

413111 

18.03 

2.46 

18.03 

4,10 

14.52 

2.42 

12.00 

3.20 

16.93 

2.42 

28.80 

1.60 

414111 

8.13 

17.89 

8.20 

18.03 

4.03 

16.13 

5.69 

15.48 

6.45 

16.13 

16.13 

5.64 

414112 

4.06 

22.76 

3.23 

25.81 

4.80 

20.80 

3.20 

21.60 

5.60 

23.20 

12.80 

8.00 

415314 

1.61 

72.58 

1.61 

73.39 

0.81 

65.85 

1.61 

59.68 

3.25 

62.60 

5.64 

32.26 

513111 

12.20 

13.82 

13.01 

15.45 

8.13 

9.76 

6.45 

8.07 

4.88 

8.94 

19.36 

1.61 

514111 

4.83 

20;33 

4.84 

24.19 

3.20 

15.20 

4.80 

16.80 

7.20 

18.40 

15.20 

6.40 

515223 

4.03 

62.10 

4.06 

70.73 

1.61 

50.81 

0.81 

41.13 

0.81 

48.39 

1.63 

20.33 

515311 

3.23 

48.39 

1.61 

52.42' 

5.60 

37.60 

0.81 

30.64 

1.61 

34.68 

15.45 

10.57 

515431 

0.82 

68,03 

1.64 

68.03 

3.25 

40.65 

2.44 

36.59 

'4.88 

34.96 

5.74 

16.39 

521111 

14.63 

14.63 

12.20 

17.Q7 

8.94 

13.01 

8.07 

14,52 

10.57 

16.26 

20.97 

5.64 

525111 

1.63 

60.98 

1  ;63 

60.98 

0.82 

50.82 

0.81 

43.90 

2.44 

47.15 

8.94 

17.07 

535111 

3.23 

54.84 

2.42 

60.48 

1.63 

41.46 

0.00 

36.89 

3.23 

45.16 

8.07 

15.13 

Average 

14.64 

25.17 

13.52 

26.70 

11.00 

20.22 

10.69 

18.39 

11.64 

20.01 

21.85 

8.22 

aIn  order  of  severity,  beginning  with  control  symptom  complex  (normal). 
^For  description  of  tasks,  see  p.  48. 


Table  29.  Mean  percent  of  normal  performance  for  ordinary  tasks 


Ordinary  Task^ 


Symptom 

1 

2 

3 

4 

5 

6 

Complexa 

Mean 

S.D. 

Mean 

"S.D. 

Mein 

“S.D. 

Mean  ~  S.0. 

Mean 

S.D. 

Mean 

S.0. 

112111 

83.18 

20.77 

81.05 

20.38 

74.84 

26.77 

76.13 

28.41 

75.86 

26.11 

80.25 

25.82 

113111 

82.44 

21.87 

80.62 

23.28 

73.23 

28.82 

71.55 

29.49 

68.95 

29.17 

77.94 

27.19 

113121 

71.80 

26.00 

71.09 

26.85 

57.25 

29.29 

53.32 

30.17 

53.51 

30.37 

69.16 

27.36 

114111 

52.07 

28.21 

50.12 

28.00 

44.52 

27.63 

35.90 

28.31 

45.35 

29.37 

65,22 

30.47 

123111 

65.92 

31.45 

62.25 

32.83 

52.92 

31.48 

44.43 

30.32 

44.05 

30.77 

67.80 

30.73 

211111 

76.71 

26.31 

76.13 

27.29 

66.89 

28.10 

61.02 

32.27 

60.39 

29.08 

73.79 

27.11 

213111 

66.92 

25.28 

63.58 

24.15 

59.64 

28.26 

54.30 

31.05 

61.32 

29.68 

68.34 

28.74 

224111 

48.03 

29.29 

45.27 

31.52 

37.13 

28.09 

30.88 

27.77 

36.11 

31.23 

61.62 

30.95 

311111 

75.69 

24.50 

74.14 

24.41 

68.58 

27.29 

65.71 

31.07 

69.97 

28.90 

73.83 

28.11 

312111 

65.07 

23.78 

63.02 

25.14 

49.15 

27.41 

42.70 

27.86 

49.12 

27.76 

64.71 

28.05 

313111 

68.05 

24.42 

65.92 

24.43 

57.12 

26.90 

53.52 

30.93 

57.05 

27.94 

67.15 

26.06 

313112 

42.74 

30.86 

41.82 

31.70 

33.46 

27.10 

26.72 

24.79 

32.43 

26.20 

.54.93 

30.40 

314112 

38.11 

32.91 

37.52 

33.87 

29.12 

26.46 

23.11 

25.71 

26.65 

25.80 

52.48 

31.39 

314113 

18.41 

27.80 

20.91 

30.12 

16.34 

22.75 

14.90 

22.25 

15.15 

21.61 

43.80 

31.42 

315113 

19.14 

25.94 

18.09 

25.90 

16.11 

22.06 

12.61 

18.79 

13.74 

17.63 

40.44 

29.39 

334231 

19.53 

26.28 

19.51 

27.66 

16.33 

20.41 

10.92 

15.09 

14.29 

19.15 

36.83 

31.37 

411111 

65.29 

24.98 

61.82 

27.29 

62.16 

,26.88 

65.58 

31.37 

66.29 

29.85 

65.34 

30.84 

412111 

66.29 

26.05 

63.32 

26.62 

52.37 

27.04 

47.37 

29.38 

47.87 

27.86 

65.50 

29.12 

413111 

64.21 

25.94 

61.84 

27.11 

54.25 

27.50 

47.83 

30.13 

56.20 

29.68 

65.79 

29.27 

414111 

46.78 

29.75 

47.77 

30.19 

36.17 

26.59 

30.17 

26.87 

35.34 

28.88 

56.42 

29.64 

414112 

41.38 

29.15 

38.09 

29.71 

31.61 

26,95 

23.72 

24.84 

29.53 

27.49 

50.33 

30.43 

415314 

10.95 

21.64 

10.99 

21.85 

10.17 

19.16 

8,59 

16.85 

10.84 

21.37 

29.92 

29.09 

513111 

52.99 

29.70 

51.78 

31.02 

43.04 

27.52 

35.89 

28.53 

40.66 

26.99 

59.43 

28.43 

514111 

42.51 

29.27 

41.65 

30.15 

34.52 

25.27 

28.16 

26.71 

33.55 

28.62 

53.58 

29.91 

515223 

16.27 

25.78 

13.77 

25.78 

12.68 

18.58 

11.60 

17.07 

13.93 

19.19 

32.54 

25.54 

515311 

22.51 

26.59 

21.47 

26.79 

21.73 

26.23 

15.15 

19.04 

19.24 

22.59 

43.87 

31.72 

515431 

10.97 

19.17 

12.63 

22.43 

16.02 

22.06 

15.14 

21.29 

18.57 

25.22 

31.38 

27.75 

521111 

56.13 

31.65 

53.27 

32.58 

46.59 

30.53 

40.62 

31-18 

42.27 

31.93 

60.75 

30.60 

525111 

20.26 

28.16 

19.46 

28.33 

16.01 

22.13 

12.96 

19.46 

15.58 

22.31 

43,70 

30.63 

535111 

20.70 

27.14 

18.21 

26.50 

17.14 

21.28 

12.03 

15.76 

15.84 

22.94 

40.41 

29.88 

Average  47.70 

46.24 

40.24 

35.75 

38.99 

56.54 

NOTE:  S.D.  =>  standard  deviation. 


In  order  of  severity,  beginning  with  control  symptom  complex  (normal). 
For  description  of  tasks,  see  p.  48. 
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Table  30.  Summary  of  multiple  regression  analysis 
for  six  ordinary  tasks. 


Symptom 

Component 

3  Weights  for  Tasks 

1 

2 

3 

4 

5 

6 

Upper  gastrointestinal 

distress 

-0.177 

-0.176 

-0.172 

-0.150 

-0.143 

-0.155 

Lower  gastrointestinal 

distress 

-0.116 

-0.127 

-0.105 

-0.107 

-0.126 

-0.074 

Fatigability/ 

weakness 

-0.286 

-0.273 

-0.307 

•  0.337 

-0.306 

-0.143 

Hypotension 

-0.072 

-0.065 

— 

— 

— 

-0.055 

Infection  and  bleeding 

-0.081 

-0.074 

-0.085 

-0.058 

-0.068 

-0.091 

Fluid  loss 

-0.234 

-0.228 

-0.220 

-0.182 

-0.213 

-0.184 

2 

Adjusted  R 

0.37 

0.36 

0.33 

0.32 

0.31 

0.18 

F  (6,  and  3742) 

373. 69a 

343. 70a 

311. 97a 

344. 46a 

336. 31a 

139.58 

Standard  error 

27.57 

28.16 

26.48 

27.12 

27.42 

29.30 

NOTE:  Values  of  3  tested  with  F  statistic;. df  =  1,  and  3742 ;  signifi¬ 
cant  at  p  <  0.05. 


ap  <  0.001. 
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Appendix  A 

;,v> SAMPLE  QUESTIONNAIRE 

a  Appendix  A  includes  examples  of  the  format  common  to  all  four  ver¬ 
sions  of  the  questionnaire  with  additional  paragraphs  and  pages  inserted 
whenever  the  text  differed  for • the' different  types  of  crews.  Common 
.  fppmatior  the  questionnaire  is:  .  ii,,  ■  ; 

•  Demographic  questions  (e.g.,  for  gun  crew)." 

•  Crew-peculiar  demographic  questions  foriPDC,  tank,  and  TOW 

crews.  ;." 

•  Instruction  sheet  (e.g.,  for  gun  crew). . 

•  Crew-peculiar  instructions  for  FDC,  tank,  and  TOW  crews . 

Also  included  is  one  example  of  the  format  for  the  questionnaire 
pages,  with  additional  segments  where  the  format  was  crew-peculiar. 

•  \  >  V.  ..  ; . .  V. 
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DEMOGRAPHIC  QUESTIONS  ON  GUN  CREW  QUESTIONNAIRE 


To  help  us  to  understand  the  characteristics  of  this  group,  we  are  asking 
you  to  supply  some  information  about  your  military  experience.  Please 
note  that  ail  your  questionnaire  responses  will  be  strictly  anonymous  and 
there  will  be  no  attempt  to  link  these  responses  to  you  as  an  individual. 
The  answers  to  the  information  below  will  be  used  only  for  descriptive 
purposes. 

Please  supply  the  following  information  about  yourself: 

Your  present  grade  and  MOS?  _ 

How  long  have  you  been  in  the  Army?  _ 

How  long  have  you  been  in  artillery? 

Have  you  been  in  combat?  Yes _  No _  When _ 

Have  you  been  in  artillery  combat?  Yes  _  No  _ 

When  _ 


Have  you  served  as  a:  When?  How  long? 

Chief  of  Section _ _ 

Gunner  _ _ 

Assistant  Gunner  _ _ 

#1  Loader  _ _ 

Approximately  how  many  men  have  you  supervised  on  155  SP  Gun  Crews? 

2  5  10  20  50  More  than  50 

Briefly  describe  your  military  duties  during  the  past  year: 
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CREW-PECULIAR  DEMOGRAPHIC  QUESTIONS  ON  QUESTIONNAIRE 


FOR  FDC  CREWS 

Hava  you  served  as  a:  When?  How  long? 

FDC  HCO  _ _ 

FDC  Computer  _ 

Approximately  how  many  crewmen  have  you  supervised  in  FDCs? 

2  5  10  20  50  More  than  50 

FOR  ARMOR  CREWS 

How  long  have  you  been  in  Armor?  __ _ ___ 

Have  you  been  in  combat?  Yes _  No _  When _ _ 

Have  you  been  in  armor  combat?  Yes _  No  ___ _  When _ 

Have  you  served  as  a:  When?  How  long? 

Tank  Commander _ _ _ 

Gunner  _ _ _ 

Loader  _ _ _ _ 

Driver  _ _ _ _ _ _ 

Approximately  how  many  crewmen  have  you  supervised  in  Armor? 

2  5  10  20  50  More  than  50 

FOR  TOW  CREWS 

How  long  have  you  been  in  anti-armor?  __ _ _ _ _ 

Have  you  been  in  combat?  Yes _ _  No  _ _  When _ _ _ 

Have  you  been  in  anti-armor  combat?  Yes _  No  _____  When _ 

Have  you  served  as  a:  When?  llow  Ion;’? 

Squad  Leader _ _ 

Gunner  _ _ _ _ _ _ 

Loader  _ _ _ _ 

Driver  _ _ _ _ _ 

Approximately  how  many  crewmen  have  you  supervised  in  Mounted  TOWs? 
2  5  10  20  50  More  than  50 


87 


INSTRUCTION  SHEET  FOR  GUN  CREW  QUESTIONNAIRE 


INSTRUCTIONS 


You  are  asked  to  give  your  best  judgments  regarding  the  ability  of 
combat-ready  soldiers  to  perform  basic  tasks  under  various  conditions  of 
illness.  Performance  is  defined  here  as  the  amount  of  time  needed  to  do 
a  task  such  as  load,  arm,  aim,  track,  etc. 

On  the  questionnaire  will  be  listed  a  set  of  several  basic  military 
and  nonrailitary  tasks.  For  convenience,  a  '‘usual"  time  is  listed  next 
to  each  task  for  you  to  use  as  a  reference.  The  "usual"  time  refers  to 
the  number  of  seconds  needed  for  a  healthy  (nonsick)  crew  member  to  per¬ 
form  that  task. 

I  will  describe  several  different  sets  of  symptoms  which  are  associa¬ 
ted  with  various  dosages  and  time  intervals  of  radiation. 

For  each  estimate,  think  about  the  symptoms  described.  On  the  basis 
of  your  experience  with  soldiers  you  have  supervised  and  observed,  esti¬ 
mate  the  number  of  seconds  you  think  it  would  take  for  a  typical  or  average  - 
soldier  to  perform  the  task.  Do  not  worry  about  being  consistent  from 
symptom  to  symptom  -  rather  just  consider  the  particular  symptom  set  and. 
task  you  are  rating  and  use  your  best  judgment. 

In  addition,  there  are  no  right  or  wrong  answers  for  what  we  are  ask¬ 
ing.  Different  individuals  may  react  differently  to  the  various  levels  of 
illness. 

For  the  purpose  of  this  questionnaire  assume  that  this  is  the  situation: 

•  The  crew  has  been  actively  engaged  in  a  battle  in  which  tactical 
nuclear  weapons  have  been  used  and  the  crew  has  been  exposed  to 
radiation. 

•  Crew  members  are  all  well  trained  and  experienced,  are  well  led, 
and  motivated  to  do  their  best.  They  expect  a  call  for  fire  at 
this  time  and  are  prepared  for  it. 

•  It  is  daylight  and  the  crew  members  are  not  wearing  MOPP  gear  or 
other  protective  gear  (such  as  masks). 

•  The  crew  is  called  upon  to  perform  an  immediate  suppression  mission 
on  an  unplanned  target,  where  responding  quickly  is  essential. 
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•  The  weapon  is  a  155mra  self-propelled  Howitzer  M-109.  Obtaining 
the  projectile,  cutting  the  powder  and  setting  the  fuze  do  not 
delay  other  tasks. 

•  A  change  of  100  mil  in  both  azimuth  and  elevation  is  required  for 
the  maneuver. 

Here  is  an  example  of  the  format  you  will  be  using  to  make  your 


ratings: 


The  usual 
time  for 
each  task 
is  about: 

How  much  longer  do  you  think  it  would 
take  a  crew  man  to  do  each  task  if  he 
had  these  symptoms? 

No  increase 
in  time 

Increase 
in  time 
(sec) 

Could  not 
do  it 
at  all 

Task  1 

x  sec 

Task  2 

y  see 

Task  3 

z  sec 

For  each  rating  you  have  three  options.  Given  the  symptom  and  task 
you  may  feel  that: 

(1)  the  task  would  not  take  any  longer  from  the  usual  time.  In 
that  case,  check  the  box  in  the  column  labelled  "No  increase 
in  time." 

(2)  the  task  would  take  longer  than  usual.  In  that  case,  estimate 
the  number  of  seconds  you  think  it  would  take  and  write  that 
number  in  the  column  labelled  "Increase  in  time." 

(2)  the  task  could  not  be  performed.  In  this  case,  you  would  check 
the  box  in  the  column  labelled  "Could  not  do  it  at  all." 

For  three  of  the  noumilitary  tasks,  you  are  asked  to  make  a  somewhat 
different  judgment,  which  is  how  many  times  you  could  continue  to  perform 
the  task.  When  we  work  through  the  example,  I  will  describe  this  task  more. 

Finally,  after  you  have  made  your  estimates,  you  are  asked  to  estimate 
your  confidence  on  the  following  scale: 


1 

2 

3 

4 

5 

None 

Not  Much 

Some 

A  Lot 

Certain 

Please  rate  how  much  confidence  you  have  by  circling  the  appropriate 
number. 
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CREW-PECULIAR  INSTRUCTIONS  FOR  FDC,  TANK,  AND  TOW  CREW  QUESTIONNAIRES 

FDC  CREWS 

•  The  crew  is  called  upon  to  perform  an  immediate  suppression 
mission  on  an  unplanned  target,  where  responding  quickly  is 
essential. 

•  The  target  location  is  given  in  grid  coordinates. 

•  A  manual  procedure  with  handheld  calculator  assist  is  used.  No 
FADAC  or  TACFIRE  support. 


TANK  CREWS 

•  Defensive  mission.  Start  from  turret  defilade 

•  The  action  involves  acquiring  target,  advancing  20  ft.,  stop, 
and  fire. 

•  Stationary  tank/moviug  target.  Precision  range. 

TOW  CREWS 

For  the  purposes  of  this  questionnaire  assume  that  this  is  the  situation: 

•  It  is  daylight  and  the  crew  members  are  not  wearing  MQPP  gear 
or  other  protective  gear  (such  as  masks). 

•  The  crew  has  been  actively  engaged  in  a  battle  in  which  tactical 
nuclear  weapons  have  been  used  and  the  crew  has  been  exposed  to 
radiation,  but  are  not  otherwise  injured  and  there  has  been  no 
damage  to  their  equipment. 

•  Crew  members  are  all  well  trained  and  experienced,  are  well  led, 
and  motivated  to  do  their  best.  They  expect  an  engagement  at 
this  time  and  are  prepared  for  it. 

•  The  crew  has  positioned  their  vehicle  on  the  approach  route  of  a 
formation  of  enemy  tanks.  They  intend  to  engage  the  tanks  onu-by- 
one,  starting  at  maximum  range,  and  continue  firing  until  forced 
to  withdraw. 

•  They  will  move  from  one  firing  position  to  another  between  re¬ 
loadings,  but  the  vehicle  will  be  stationary  during  reloading. 

•  Firing  positions  are  somewhat  more  than  a  hundred  meters  apart, 
and  are  unprepared  but  well  marked. 
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On  one  of  the  military  tasks  you  are  asked  to  estimate  the  ability  of 
a  typical  crew  member  to  track  the  target  at  a  distance  of  3  km  during 
missile  flight  when  he  is  sick.  For  this  question,  assume  that  a  healthy 
crew  member  has  a  90%  chance  of  staying  op  the  target  during  the  last 
6  seconds  of  missile  flight. 

Here  is  an  example  of  the  format  you  will  be  using  to  make  your  ratings: 

Estimate  the  chance  of  staying  on  the  target  during  the  last  6 

seconds  of  flight  (90%  usual  chance)  ___ _ . 

For  this  question  please  enter  in  the  space  provided  your  estimate  of 
the  chance  that  the  sick  crew  member  would  stay  on  the  target  during  the 
last  6  seconds  of  flight.  If  you  think  that  he  could  not  track  at  all  dur¬ 
ing  the  last  6  seconds,  then  please  write  in  "0". 

In  addition  to  the  TOW  tasks,  you  will  also  be  asked  to  make  ratings 
for  several  ordinary  (nonmilitary)  tasks.  I  will  describe  these  tasks 
when  we  step  through  the  example.  Here  is  the  format  for  four  of  these 
tasks; 

1.  How  many  flights  of  stairs  could  a  erowman  climb  quickly 
before  becoming  breathless? 

_ _ _ _ flights 

2.  How  long  could  a  crewman  keep  walking  at  a  brisk  pace 
before  his  legs  got  tired? 

minutes 

3.  How  many  heavy  boxes  could  a  crewman  keep  lifting  from  the 
floor  to  a  table  before  ho  would  have  to  stop  and  rest? 

_ _ boxes 

4.  How  long  would  it  take  a  crewman  to  open  a  simple  3-numbur 
combination  lock? 

_ _  '  seconds 

Please  take  a  pencil  now  and  write  in  how  long  or  how  many  times  you 
think  a  typical  crewman  could  do  these  ordinary  tasks  if  he  were  not  sick. 

Finally,  after  you  have  made  your  estimates,  you  are  asked  to  esti¬ 
mate  your  confidence  on  the  following  scale: 


1 

2 

3 

4 

5 

None 

Not  Much 

- 

Some 

•  -  -  -  •  — • 

A  Lot 

Certain 

Please  rate  how  much  confidence  you  liave  by  circling  the  appropriate 
number. 
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EXAMPLE  OF  SYMPTOM  COMPLEX  PAGE  FROM  GUN  CREW  QUESTIONNAIRE 


DESCRIPTION  OF  ILLNESS: 


312111 


Nauseated;  considerable  sweating;  swallows  frequently  to 
avoid  vomiting;  somewhat  tired  with  mild  weakness. 


CREW  TASKS 


TASKS 

CREWEHBER 

The  usual 
time  for 
each  task 
is  about: 

Row  much  longer  do  you  think  it 
would  take  a  crewman  to  do  each 
task  if  he  had  these  symptoms? 

No  increase 
in  time 

Increase 
in  time 
(sec) 

Could  not 
do  it 
at  all 

CHIEF  OF  SECTION 

Receive  fire  order  and 
call  quadrant  elevation* 
deflection  prujeetUe* 
v\Tiarge»  fuse 

3  see 

Set  d«( lection 

?  S.tl! 

■ 

Eeuerae  tube  and  level 
bobble 

I  see 

■ 

ASStSTAKT  CVKHOt 

Set  Ruadtant  elevation 

?  sea 

■ 

Rleuate  tube  and  level 
bubble 

1  BfcHr 

|| 

&WBI 

Uft  ere  Jest  He  to  t?a>’ 

2  «e\ 

m 

■ 

■ 

PeHtKw  *\ H  upstate 
t.YJfJoUc  vauaep 

$  »«V- 

wm 

|  | 

|| 

Have  ibatsc  ■»*£■  teleo»e 
breach  biovb 

2  «»• 

HI 

m 

SB 

iMett  pt  »*••»  a«i  iiu?e 
tttSse  lets 

■SB 

bbi 

■i 

Atteeh  lanyat*  »wl  life 

mi 

i  ■ 

■  ■ 

Svib  tut-?  uni  tuepeet  Wm 

MESH 

wm 

SB 

?U«ti  tv*  t  S  HM<)  »f 

Malts  Ml«U* 

H  SS*. 

m 

MM  n*M  *<»»  MASS- 

nt  W*W  ft«u*  the 
(I'M  «i  S  il  Sl$ti 
table 

■ 

fce.cfskli**  . . .  .. . ...  hltM» 

J.  tfem  ifewW  >>  ‘t  t at  s» 

f**ie  iref^-fe  fola  $«■<  ft#**#*  _.  _ _ _ 

).  !*■*«  «W*Hy  fc£av*  t***--*  f .-*  «*«vni»*i  '4^^ 
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*i»»#  **i  »♦.*!?  ***** 
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3 

% 

4 

\ 
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. 
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ITftUIn 

FDC  CREW-PECULIAR  TASKS  ON  SAMPLE  SYMPTOM  COMPLEX 
PAGE  FROM  QUESTIONNAIRE 


TASKS 


CREWMEMBER 


FIRE  DIRECTION  OFFICER 


Announce  fire  order 


Review  calculations 


Announce  fire  mission 


HORIZONTAL  CONTROL  OPERATOR 


Plot  target  location  on  ^ 
chart 


CREW  TASKS 

How  much  longer  do  you  think  it  would 
take  a  crewman  to  do  each  task  if  he 
The  usual  had  these  symptoms? 

time  for  - - - 

each  task  Increase  Could  not 

is  about:  No  increase  in  time  do  it 

in  time  (sec)  at  all 


2  sec 


5  sec 


3  sec 


1  sec 


Orient  deflection  pro trac toil  1  sec 


Read  range,  deflection 
by  protractor 


COMPUTER 


Calculate  fuze  setting, 
deflection  and  quadrant 
elevation 


Announce  fire  commands 
to  guns 


3  sec 


15  sec 


3  sec 


i 

* 

H 

I 

1 

* 

j 


TANK  CREW-PECULIAR  TASKS  ON  SAMPLE  SYMPTOM  COMPLEX 
PAGE  FROM  QUESTIONNAIRE 


CREW  TASKS 


TASKS 

CREWMEMBER 

The  usual 
time  for 
each  task 
is  about: 

How  long  do  you  think  it  would 
take  a  crew  man  to  do  each  task  if  he 
had  these  symptoms? 

No  increase 
in  time 

Amount 
of  time 
(sec) 

Could  not 
do  it 
at  all 

TANK  COMMANDER 

Issue  fire  command 

1  sec 

Range  the  target 

5  sec 

Depress  and  lay  gun 
for  direction 

3  sec 

Issue  subsequent 
fire  command 

4  sec 

GUNNER 

Identify  target 

1  sec 

Mm  and  f  ire 

6  sec 

Apply  fire  adjustment 
and  fire 

7  sec 

LOADER 

Arm 

1  sec 

Load  and  arm 

5  sec 

DRIVER 

Stop 

4  sec 
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TOW  CREW-PECULIAR  TASKS  ON  SAMPLE  SYMPTOM  COMPLEX 
PAGE  FROM  QUESTIONNAIRE 


CREW  TASKS 


TASKS 

CREWMEMBER 


SQUAD  LEADER 

Designate  azimuth  and 
target 


Command  driver  to  firing 
position 


GUNNER 

Set  superelevation,  erect, 
slew  10°  to  designated 
azimuth 


Acquire  targets 


Adjust  magnification, 
identify,  and  arm 


Select  target  and  fire 


DRIVER 

From  standstill,  drive 
forward  40  ft  and  stop 


LOADER 

Reload 


Rearrange  ready  rack 
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Appendix  B 


SYMPTOM  DESCRIPTIONS 


Appendix  B  includes  a  list  of  symptom  categories  and  descriptions 
in  order  of  severity.  These  symptom  sets  were  used  to  construct  symptom 
complex  descriptions  and  their  corresponding  six-digit  numbers. 

The  symptom  categories  and  their  descriptions  were  devised  princi¬ 
pally  by  George  Anno  of  PSR,  and  other  members  of  the  IDP  Core  Group 
(Table  B.l).  Six  symptom  categories  are  described  in  symptomatic  termi¬ 
nology.  Each  of  these  categories  contains  a  list  of  five  symptoms  rang¬ 
ing  from  the  least  severe  (number  1)  to  the  most  severe  (number  5) . 

Table  B.2  lists  the  30  symptom  complexes  used  for  all  crews  in  order 
of  appearance  on  the  questionnaire.  Ten  additional  symptom  complexes  are 
given  at  the  end  of  the  table.  These  symptom  complexes  were  used  on  the 
TOW  questionnaire ,  making  a  total  of  40  symptom  complexes  for  that  crew. 
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Table  B.l.  Symptoms  in  order  of  severity  used  on  questionnaire. 


Upper  gastrointestinal  distress 

1.  No  effect. 

2.  Upset  stomach;  clammy  and  sweaty;  mouth  waters  and  swallows 

frequently. 

3.  Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 

vomiting. 

4.  Vomited  once  or  twice;  nauseated  and  may  vomit  again. 

5.  Vomited  several  times  including  the  dry  heaves;  severely  nauseated 

and  will  soon  vomit  again. 

Lower  gastrointestinal  distress 

1.  No  effect. 

2.  Feels  uncomfortable  urge  to  defecate. 

3.  Occasional  diarrhea;  recently  defecated  and  may  again. 

4.  Frequent  diarrhea  and  cramps;  defecated  several  times  and  will  again 

soon. 

5.  Uncontrollable  diarrhea  and  painful  cramps. 

Fatigability/weakness 

1.  No  effect. 

2.  Somewhat  tired  with  mild  weakness, 

3.  Tired,  with  moderate  weakness. 

4.  Very  tired  and  weak. 

5.  Exhausted  with  almost  no  strength. 

Hypotension 

1.  No  effect. 

2.  Slightly  light-headed, 

3.  Unsteady  upon  standing  quickly. 

4.  Faints  upon  standing  quickly. 

5.  in  shock:  breathes  rapidly  aud  shallowly,  motionless,  skin  cold, 

clammy,  and  very  pale. 

Infection  and  bleeding 

1.  No  effect, 

2.  Mild  fever  and  headache— like  starting  to  come  down  with  flu, 

3.  Joints  ache,  considerable  sweating;  moderata  fever;  does  not  want 

to  eat;  sores  in  mouth/throat. 

4.  Shakes  and  chills  and  achus  all  over;  difficulty  in  stopping  any 

bleeding. 

3.  Delirious,  overwhelming  infections;  cannot  stop  any  bleeding. 

Fluid  loss  and  electrolyte  imbalance 

1.  No  effect, 

2.  Thirsty  and  has  dry  mouth;  weak  and  faint, 

3.  Very  dry  mouth  and  throat,  headache,  rapid  heartbeat  and  may  faint 

with  moderate  exertion. 

4.  Extremely  dry  mouth,  throat,  skin  and  very  painful  Headache;  has 

difficulty  moving;  short  of  breath,  burning  akin  and  eyes. 

3.  Prostrate. 


Table  B.2.  List  of  symptom  complexes  used  on  questionnaires. 


Symptom 

Complex 

411111 

515431 

114111 

515311 

213111 

413111 

311111 

313111 

515223 

414112 

535111 

112111 

514111 

313112 

315113 


Description 


Vomited  once  or  twice;  nauseated  and  may  vomit  again. 

Vomited  several  times  including  the  dry  heaves;  severely  nause¬ 
ated  and  will  soon  vomit  again;  exhausted  with  almost  no 
strength;  faints  upon  standing  quickly;  joints  ache,  consider¬ 
able  sweating;  moderate  fever;  does  not  want  to  eat;  sores  in 
raouth/throat. 

Very  tired  and  weak. 

Vomited  several  times  including  the  dry  heaves;  severely  nause¬ 
ated  and  will  soon  vomit  again;  exhausted  with  almost  no 
strength;  unsteady  upon  standing  quickly. 

Upset  stomach;  clammy  and  sweaty;  mouth  waters  and  swallows 
frequently;  tired,  with  moderate  weakness;  strength  somewhat 
reduced. 

Vomits  once  or  twice;  (up  to  4  episodes);  nauseated  and  may 
vomit  again.  Tired,  with  moderate  weakness. 

Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 
vomiting. 

Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 
vomiting;  tired,  with  moderate  weakness. 

Vomited  several  times  including  the  dry  heaves;  severely  nause¬ 
ated  and  will  soon  vomit  again;  exhausted  with  almost  no 
strength;  slightly  light-headed;  mild  fever  and  headache' — like 
starting  to  come  down  with  flu;  very  dry  mouth  and  throat, 
headache;  rapid  heartbeat  and  may  faint  with  moderate  exertion. 

Vomited  once  or  twice;  nauseated  and  may  vomit  again;  very 
tired  and  weak;  thirsty  and  has  dry  mouth;  weak  aud  faint. 

Vomited  several  times  including  the  dry  heaves;  severely  nause¬ 
ated  and  will  soon  vomit  again;  occasional  diarrhea,  recently 
defecated  and  may  again;  exhausted  with  almost  no  strength. 

Somewhat  tired  with  mild  weakness. 

Vomited  several  times  including  the  dry  heaves;  severely  nause¬ 
ated  and  will  soon  vomit  again;  very  tired  and  weak. 

Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 
vomiting;  tired,  with  moderate  weakness;  thirsty  aud  lias  dry 
mouth;  weak  aud  faint. 

Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 
vomiting;  exhausted  with  almost  no  strength;  very  dry  mouth 
aud  throat,  headache;  rapid  heartbeat  and  may  faint  with  moder¬ 
ate  exertion. 


Table  B.2.  Continued. 


Symptom 

Complex  Description 


513111 

123111 

334231 

113111 

521111 

113121 

211111 

224111 

415314 

312111 

314112 

314113 

412111 

414111 

525111 


Vomited  several  times  including  the  dry  heaves;  severely  nause¬ 
ated  and  will  soon  vomit  again;  tired,  with  moderate  weakness. 

Feels  uncomfortable  urge  to  defecate;  tired,  with  moderate 
weakness. 

Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 
vomiting;  occasional  diarrhea  and  cramps,  defecated  several 
times  and  will  again  soon;  very  tired  and  weak;  slightly  light¬ 
headed;  joints  ache,  considerable  sweating;  moderate  fever; 
does  not  want  to  eat;  sores  in  mouth/throat. 

Tired,  with  moderate  weakness. 

Vomits  several  times  including  the  dry  heaves;  severely  nause¬ 
ated  and  will  soon  vomit  again;  feels  uncomfortable  urge  to 
defecate. 

Tired,  with  moderate  weakness;  mild  fever  and  headache — like 
starting  to  come  down  with  flu. 

Upset  stomach;  elauuay  and  sweaty;  mouth  waters  and  swallows 
frequently. 

Upset  stomach;  clammy  and  sweaty;  mouth  waters  and  swallows 
frequently;  feels  uncomfortable  urge  to  defecate.  Very  tired 
and  weak. 

Vomited  once  or  twice;  nauseated  and  may  vomit  again;  exhausted 
with  almost  no  strength;  unsteady  upon  standing  quickly;  ex¬ 
tremely  dry  mouth,  throat,  skin  and  very  painful  headache;  has 
difficulty  moving;  short  of  breath;  burning  skin  and  eyes. 

Nauseated;  considerable  sweating,  swallows  frequently  to  avoid 
vomiting;  somewhat  tired  with  mild  weakness. 

Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 
vomiting;  very  tired  and  weak;  thirsty  and  lias  dry  mouth;  weak 
and  faint. 

Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 
vomiting;  very  tired  and  weak;  very  dry  mouth  and  throat, 
headache;  rapid  heartbeat  and  may  faint  with  moderate  exertion. 

Vomited  once  or  twice;  nauseated  and  may  vomit  again;  somewhat 
tired  with  mild  weakness. 

Vomited  once  or  twice;  nauseated  and  may  vomit  again;  very 
tired  and  weak. 

Vomited  several  times  including  the  dry  heaves;  severely  nause¬ 
ated  and  will  soon  vomit  again;  feels  uncomfortable  urge  to 
defecate;  exhausted  with  almost  no  strength. 


Table  B.2.  Continued. 


Symptom 

Complex 

111121 

112121 

212111 

112131 

111131 

113131 

214112 

314111 

214113 

114112 


Description 


Mild  fever  and  headache — like  starting  to  come  down  with  the 
flu. 

Somewhat  tired  with  mild  weakness;  mild  fever  and  headache — 
like  starting  to  come  down  with  flu. 

Upset  stomach;  clammy  and  sweaty;  mouth  waters  and  swallows 
frequently;  somewhat  tired  with  mild  weakness. 

Somewhat  tired  with  mild  weakness;  joints  ache,  considerable 
sweating;  moderate  fever,  does  not  want  to  eat;  sores  in  mouth/ 
throat. 

Joints  ache,  considerable  sweating;  moderate  fever;  does  not 
want  to  eat;  sores  in  mouth/ throat. 

Tired,  with  moderate  weakness;  joints  ache;  considerable  sweat¬ 
ing;  moderate  fever;  does  not  want  to  eat;  sores  in  mouth  and 
throat. 

Upset  stomach;  clammy  and  sweaty;  mouth  waters  and  swallows 
frequently;  very  tired  and  weak;  thirsty  and  has  dry  mouth; 
weak  and  faint. 

Nauseated;  considerable  sweating;  swallows  frequently  to  avoid 
vomiting;  very  tired  and  weak. 

Upset  stomach;  clammy  and  sweaty;  mouth  waters  and  swallows 
frequently;  very  tired  and  weak;  very  dry  mouth  and  throat; 
headache;  rapid  heartbeat  and  may  faint  with  moderate  exertion. 

Tired  and  weak;  thirsty  and  has  dry  mouth;  weak  and  faint. 
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Appendix  C 

RESULTS  OF  FOLLOW-UP  QUESTIONNAIRE 


The  tables  in  this  appendix  summarize  the  results  of  the  question¬ 
naire  that  was  administered  a  second  time  at  the  four  sites.  All  respon¬ 
dents  had  completed  the  survey  questionnaire  before  taking  the  revisit 
questionnaire.  The  number  of  respondents  in  each  of  the  four  crews 
who  received  revisit  questionnaires  was  as  follows: 


Artillery  gun  ..... 

FDC  . . . . 

Tank  .............. 

TOW . . . W, 

’i 


All  data  were  collected  in  a  group  administration  similar  to  procedures 
for  the  original  questionnaires.  ^ 

Table  C.l  shows  the  percentage  of  responses  in  each  of  the  four  groups 
for  questions  regarding  how  symptom  descriptions  were  interpreted  by 
respondents.  The  crews  wore  generally  consistent  in  their  interpretation 
of  these  questions,  as  can  be  seen  by  looking  at  the  given  percentages. 
Respondents  were  also  asked  to  identify  symptoms  that  would  Imve  a 
negligible  or  serious  effect  on  specific  military  and  noumilitary  tasks 
by  marking  each  task  with  an  (serious)  or  "0"  (negligible) . 

Tables  C.2  through  0.5  present  the  percent  of  respondents  in  each 
crew  who  believed  that  specific  military  tasks  would  be  seriously  de¬ 
graded  by  the  symptoms  listed.  Tables  C.6  through  C.y  show  the  percent 
of  respondents  who  believed  that  symptom  effects  would  be  negligible 
on  performance  of  the  tasks. 

On  these  tables  the  different  tasks  are  shown  as  raw  entries  at  each 
symptom  complex.  The  tasks  referenced  by  the  table  for  questionnaires  1, 
2,  and  3  are  the  same  as  on  the  survey  questionnaire  (see  Table  6,  p.  60). 
For  questionnaire  4  the  tasks  used  on  the  survey  were  broken  down  into 
10  smaller  units,  as  follows: 
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1.  Designate  azimuth. 

2.  Designate  target. 

3.  Command  driver  to  firing  position. 

4.  Set  superelevation. 

5.  Erect. 

6.  Skew  10  deg  to  designated  target. 

7.  Acquire  targets. 

8.  Adjust  magnification. 

9.  Identify. 

10.  Arm. 

11.  Select  target. 

12.  Fire. 

13.  Track  target. 

14.  Start  from  standstill. 

15.  Drive  forward  40  a. 

10.  Stop. 

17.  Reload. 

18.  Rearrange  ready  rack. 

Tables  C. 10  and  C.ll  show  the  percentage  of  respondents  across  the 
artillery  gun,  FDC,  and  tank  crews  who  estimated  that  performance  of  the 
sis  ordinary  tasks  would  be  seriously  or  negligibly  affected.  Respondents 
from  the  TDM  crew  were  not  asked  to  rate  these  tasks.  The  six  tasks, 
shown  sequentially  across  each  row,  were  the  same  as  on  the  original 
survey. 
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Tabic  C.l.  Results  of  responses  to  revisit  questionnaire 
for  four  crews. 


Crew  Responses  (%) 


Questions  on  Symptom  Descriptions 


Artil¬ 

lery 

Gun  FDC  Tank  TOW 


Table  0.1.  Continued 
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Table  C.2.  Percent  of  responses  in  serious  effect  category  for  military  tasks  on 
artillery  gun  crew  revisit  questionnaire  (6  respondents) . 


C 

C  QJ 
*3  U 
CD  l. 
£  Oi 
CL 


00 


c 

o 

4J 

o 

0) 

<D 

P 

| 

i 

w 


**•  <  <  w 
^  »  K 

*■  « 
►  r  r  u 

W  1,1^ 

U*  <  2  2 
6.  J3<( 
2  O  S  2 


'  'I'  ^  *CN  «)  91  C  HNf^^ 

1  -4  -4  «•*  W  *4  M 


107 


1 


«  w> 

U) 


«* 

« 

a 

CJ 

•O 

& 


c 

c  <u 

S  £ 
*  at 


u 

a) 

JQ 


a 

U) 

<d 

H 


oo 


eo 


c 

0 

a 

•H 

o 

§ 

a 

G 

o 

4J 

6- 


(A 


s  "I  » 


v  j  a 
sue 


109 


>  m  ti  *r  <o  i 

V  9  r*  9  • 

*  fn  ©  nn  < 
if  (*•  — *  < 


>  O  <$  U)  US  Q  OO  < 

»  »  n  «  •  W  t  • 

>  in  in  m  <\J  m  >n  O  i 

*  ©  *r  m  if*  ©  im**  r 

T  ; 

nn  i  O  O  *  Ol ft  t 

>  .  h  t  •  la  •  • 

>N«OOI>  lAN  I 

'{ft  «C  rvi  *C  I 

>  o  J>  ^  in  i  o  o  • 
»  •  v  •  •  *  •  i 

un«  on®  m  in  r 

‘K'H.Nr'ic  t 

ioi®3»hOO< 

*  •  b  •  •  b  •  * 

■  n  *t>  3  n  **•  no  i 
i  n  nj  n  i*  p  -k  < 


hft^oifto  on  , 

*  •  i*  •  •  i*  •  • 

I  Wifi  ftifl  ON  t 

,  r  Hi  N  <  N  ( 


toiiftOih  oo  i 

»  *  b  *  *  I*  %  • 

>  m  n  n  n  n  mo  • 

>  so  *  fft  *0  * 

>  m  i\  o  us  m  oo  < 

•  »  i  •  •  <i  *  « 

>Niuo  'no  ' 

,  **  y  n  mt  £  i4i 


INOtflOl 


Ni0400*< 

*n  *4  n  «r  i 


s  O  o  O  O  I 

I  •  •  •  ft 

•ift^OO1 

•  wiftsbi 


i  m  m  n  in 

•  •  y  •  • 

»  ^  N  N  N 

•  ra  n  **  i 


i  o  m  d  o  < 
i  *  •  4  • 

i  o  n  u>  n  i 

in  *4  eg 

i  n  n  4  n  i 
i  •  *  •  • 

»  N  N  O  N  . 

in  H  w 

i«o 

I  •  •  J  * 

l  N  O  C#N< 

f  v6  in  c|  *  < 
MMndoi 


•  *  4  •  • 


I  m  n  in  ift  o 

*•«  n  t 

m  m  ©  m  m  < 


oo  Q o m  < 
•  •  *  •  • 

O  m  Q  O  N  l 
N  r*  *0  N  ©  I 


i  ft  ft  ft 

i  o  m  a-  < 
I  n*4 


m  o  a  m  m  < 

•  •  4  •  • 

NOANNI 


iftQAQO 1 

•  «  4  •  ft 

(ViOriOOi 


d  m  m  o  o 

♦  ft  •  *  • 

ONNW  O 
*9  *  w  ^  <•*• 


ft  4  •  •  •  •  ft  ftj  •  • 

in^ONli  IMOI1  OlAQNOI 

(vij^  mn  ^  n  N  m  < 
nirtonvlinotfooosnin* 


i  wi  m  o 

»  i  •  ♦ 

'*4  n  o 
1  «** 


o  o  «i  m  o  t 
•  •  4  •  • 
«>nN^  O' 
m  cn  <*  N  i 


HMftltHMAl 

ft  ft  •  ft 
N  n  ft  M  N  < 
♦  iMfi 


in  tfi  b  o  o  i 
*  » 1  ♦  • 
MUQQOl 
N  m  t+ 


**  M*  O 
**  f  Ui 
in  O  U. 
1C  «  01  44 

e  **  >  a  a 

*  >*  *  UJ 

C  u  c  ►* 
3  4  sc  ~1 

ft-*  CK> 

Xtf  j  u. 

4tailU 
tfU. 
tJ  i*  *■*  ai  Of 
1  b  li  5 
J  U  ^  :  ‘•ft 

•  a  ^ 

‘  *J  J*  il  Ui 

•« 

1  a-  at  U  It*  Cr 

C  4Sr  C  w 
i  n  u  a  J*  a 

i  d‘  U  >  X 

U  X  0  .J 

t  -n  is 

*CC2C 
12  j  — 
'  jb  »-  f  ^ 
U-**-  jf 

*  <  i:  x  u  u 
>  »  t5  O  4U  U 
» »n  >  >  u.  c 


0  in 
I  u. 

^  X 
O  ^ 

uu  < 

2T  U 

n  u<  attn 
cw  * 

«  4k  Oul 
*  J? 
CL  •*  W4^ 

o  «f  r 

di  Cl 

O  £  *3 

4  4t 

*<•  ftf  Sb 

<  ft-ft-* 
t—  j 

AI  O  XU 

2  u 
at  -k  oo 

«  JCC 
Ijf  «  adC 

W>  •*  4_i 

O  ^ 

—J  »-  i 
»-  o  ft-ft^ 
26  * *i 
g  ftft*  JS 

=*  y 

3  O  iJuj 

u*  u  i,  a 

at  x*  a*-* ' 

u  r  v*- 


^ m  n  strcMbbf 

H  H  -*  HH 


i  i/I  23  -ft  O  ' 

3C.  U  C  ?  I 
02*-' 
-J  ^  ftT  C  « 

^|  <  ci  ^  : 

asn 
^  w.  x  2  v* : 
*4  *-  c 
1  5if  —  6  S* 
-3  J33i 
uC  &  i 
zt  ,*j  b*  b*  D  : 

**  ft-  —  a  i 

»•*  n  ***  4  vft  , 

b*  *  o  ft*  Jt 

!X  I  ft-  l/-  ft- 

ul  M  J  2  M 

w  in  ^  u 

rfi  w?  N  «f  cr  4 

H  H  *4  ‘ 


!  <  4  J 

i  o ) 
^  jui 

i  u  i4  —  i 
i  *  ul  u.  ; 

<  2  ii.  • 
i  3  u  ; 

1  «8N  C  ( 
i  »m  a*  f 


I  N  «C  Cl 
I  s^»  1*1  b| 


111 


a 

o 

UJ 

W 

cd 


>> 

cd 

u 

•H 

H 

tA 

W 

JA  AJ 

o  a 

QA  QJ 

■a 

>s  fl 
(a  o 
O  D. 
00  « 
a)  a) 

AJ  ti 

td 

O  vO 


AJ 

o 

Q) 


QA  v) 

ua  n) 


a) 

0) 


a 

o 

•rt 
jy  u 
•H  « 
00  0) 
*H  » 
rH  D* 
60 

QJ  At 
Ci  vt 

^  01 
tJ  *H 
*  i> 


(0  & 
ti  aJ 
o  l-t 
O-  0 
CD 

0)  ti 
U  p 
60 
tn 

O  >1 
ti 

At  0) 

Ci  H 
Q)  ft 
O  VI 
J4  U 

CJ  ti 
(ti  <d 


oo 

u 

<D 

JZ 

£ 


c 

c  <u 

ra  u 
<u  t. 

*  <2f 


a< 

0) 

1 

s 

V) 

rt 

H 


ai 


oo 


CM 


C! 

0 

v| 

At 

a 

vl 

ti 

0 

0) 

fl) 

a 

e 

o 

At 

a 

l 

w 


«  4  ■ 

i 

SI 

o. 


o  r 

Q  - 


it  <r  (M  « 

f *  0  A 

ifl  IVt  -i  AJ  •> 

p*  p*  Q 

pu  m  4: 

W  d  ^  d  H  ^ 

■OOrjtiiA-JiftAJA 

~  1 

a  o>  in  .it  ci  !«•  i* 

i  ■r  i*t  •» 

f  iJ  J  fli  N  A 

^  o  f* 

iiAON 

N040MIP 

NOS 

*J  >f  G 

•r  N  N  41 

fA  — 4  r+ 

pft  p> 

m 

nj 

ft 

rft 

p*  m 

CNI  i* 

*  ftJ  p 

«■ 

NJ 

•* 

i  m  o  «• 

non 

**  r*)  C 

ONC 

o  o  c 

OOP' 

n  <n  c 

N  O  C 

o  N  N 

N  N  C 

NON 

o  o  c 

fA 

*  •  * 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

it  fn  o 

O  O 

flmc 

0>fl  c 

o  o  c 

O  O  rP 

^  m  c 

43  O  G 

O  43  4 

nO>3C 

0  O  A 

O  O  G 

*1 

■Hi 

\t 

•->  m 

p* 

f*  p4 

H  pi 

p*  — 

1*1 

'Ed 

dt* 

W  C 

o  m  c 

OWN 

o  o  * 

owe 

PIN  C 

n  o  a 

O  o  N 

NON 

N  N  N 

N 

m  •C  A 

o  m  c 

a  n  4 

O  O  PP 

Q  2 

«14C 

GOG 

0  0  4! 

GOG 

G  G  43 

G 

1  U'ff  ^ 

m  -*  *• 

ri 

m 

rn  »■ 

n  im 

V 

p*  p- 

Pl  p4  pp 

ft* 

!ffB 

o  o  <* 

O  <n  C 

ONN 

O  O  N 

o  o  c 

m  '■pi  c 

NOG 

O  N  N 

o  o  c 

N  O  O 

o  o  n 

N 

tKCLK 

o  o  .* 

*3  ^  C 

O  <0  < 

O  O  X 

o  o  c 

*i  .*n  2 

vp  O  G 

O  O  G 

o  o  q 

GOG 

0  0  4 

G 

m  pf» 

H  *« 

1" 

IT 

m  ph 

p* 

ft*  ^ 

p* 

p* 

Mi 

r*  m  a 

Stic 

O  O  r*1 

O  O  fp 

NOG 

NON 

O  O  ti 

O  N  N 

NOG 

o  o  a 

N 

•  * 

•  • 

*  • 

•  • 

•  • 

ft  ft 

ft  •  ■ 

ft  ft  . 

ft  ft  . 

•  •  i 

ft  ft 

• 

>  G  G 

<0  <0  A 

vO  <n  c 

o  o  e 

o  o  r 

O  O  fp 

-9  O  C 

43  O  G 

9 

0 

0 

0  0  4 

GOG 

o  o  a 

G 

btt 

f*  P*  f" 

•h  m 

P-« 

(f 

<* 

•*  m 

pft  •" 

ft" 

H  ^ 

p* 

p* 

pn 

iMrW 

O  ON 

= 

o  n  a 

o  a  r» 

O  O  N 

O  N  c 

NOG 

o  o  a 

o  N  ft 

NOG 

O  O  G 

N 

ao< 

joq 

die 

o  o  *c 

O  O  43 

O  43  G 

•COG 

o  o  d 

O'nO  it 

GOG 

o  o  a 

G 

H  H 

•4 

pp 

m 

pJ 

p* 

•*  fp 

p* 

n 

(t>  N  C 

or*  c 

o  O  f 

no  r 

N  PH  fft 

WWG 

N  N  PH 

o  m  <t 

ti  o  o 

o  o  c 

N 

•  • 

«  • 

ft  ft 

•  • 

•  * 

•  • 

•  •  - 

ft  1 

•  ft 

ft  • 

• 

M'H* 

0  <3  C 

m>0C 

960 

a  o  i* 

•O  Q  f" 

0  nt  •« 

-O  43  * 

O  fA  pp 

0  o  o 

o  o  a 

G 

|K 

u  | 

*4 

<r 

P- 

pI  W 

<n  <h 

i*  r-»  r 

in  ft 

P* 

p* 

NOC 

P  J- 

N  f*  Z 

OI*C 

o  o  - 

O  N  G 

N  N  C 

o  N  N 

O  O  c 

ti  o  a 

o  o  c 

O 

•  « 

«  «  i 

•  • 

ft  ft 

ft  • 

•  • 

•  •  ' 

ft  ft  1 

ft  ft  < 

ft  ft  < 

ft  ft 

• 

DOC 

■n  m  C 

o  o  a 

Qd: 

0  0  5 

O  >0  Q 

43  43  C 

O  43  43 

o  oc 

GOG 

o  o  c 

o 

P* 

m 

p*  ^4 

«-« if 

*p 

•* 

p*  ■* 

pft  •- 

pi 

MU? 

NOJ 

r*  m  G 

o  o  q 

N3f* 

O  O  0 

o  n  q 

no: 

o  o  c 

O  O  fi 

NOG 

o  o  c 

o 

•  * 

•  V 

*  • 

•  ft 

ft  •  ■ 

♦  • 

ft  • 

ft  •  < 

ft  ft  < 

•  «  ' 

ft  ft 

• 

)  *A  *1  .*! 

-a  a  j 

^  q 

o  o  c 

43  O  * 

o  o  M 

O  o  o 

0  o  c 

Q  O  C 

O  O  A 

AJ  O  C 

99( 

o 

pfop 

cn 

■*  f»r 

It 

■4 

r* 

*■ 

n  m  n 

fA  n 

o  o  a 

O  O  ti 

O  O  f 

Otic 

ti  o  c 

O  N  N 

O  O  A 

ti  o  C 

O  O  N 

o 

•  • 

•  •  i 

•  • 

ft  ft 

•  •  1 

ft  ft  < 

•  •  < 

ft  »  i 

ft  ft 

0  «  vl 

0-4  4 

OOO 

joe 

O  O  n 

o  o  c 

0  O  v 

0  0  A 

O  O  A 

0  o  c 

O  Q  A 

o 

H  • 

m 

a 

r 

P» 

ft* 

ft*  ft" 

p 

BB- 

Nor 

PV  * 

oor 

Otic 

fA  N  N 

NQN 

N  N  N 

PA  o  N 

ti  O  N 

o 

f  t  •  J 

•  ft 

*  • 

ft  • 

ft  ft 

ft  • 

ft  •  « 

ft  ft 

ft  •  < 

ft  ft 

ft  ft 

J  0  »  * 

til  0  A 

a  o  * 

Jew 

*0 

oor 

O  0  c 

PI  0  A 

0  O  A 

43  43  4 

til  o  A 

0  O  A 

o 

t 0 1*  tf 

{A  *4  P 

^  vr 

9*  tn  » 

*-  f* 

ftft 

f*  ft*  *■ 

Pft  ftp 

«*«*«• 

I*  - 

•*  H 

IONC 

t*OC 

**  O  N 

Otic 

M  N  fft 

PP|  N  N 

f*  (A  ft 

NOfk 

Otic 

NON 

N  N  N 

o 

^  ft  ft  ’ 

•  •  1 

•  •  < 

*  ♦ 1 

ft  ft  1 

ft  •  1 

ft  ft  i 

ft  ft 

•  ft  t 

t  « 

•  ft  * 

ft  * 

ft 

00a 

OOt 

^JO  * 

0  3" 

o  «o  c 

f*>  4)  P* 

*10  4 

WWW 

4)  O  4 

O  0  c 

G  O  4 

G  O  4 

o 

41  M  If 

»* 

OtPf 

**  «f»  W 

V  **  tf 

KDI 

«e  O  a 

to  ti  r 

4)  IT  •• 

«N  •*  4 

G  41  p* 

•*  43  * 

ir 

c 

sii 

a. 

e 

h 

K 

a 

UJ  4 

< 

Kti« 

^  *j 

Ck?  4n 

ft- 

4  44 

U  cn 

»* 

k*t  4/ 

U  u 

u; 

X 

wi 

KXl 

*4  4 

ft- 

X  d 

ft- 

c*  *-*  3 

U.  c 

3  til 

c 

c 

C  •" 

*5 

>  -*4  « 

44 

U.  4 

>• 

U 

o  u 

C  ti 

sr  u. 

U 

ft- 

N  IV 

» 

o  •<  2 

aJ  V 

*~*  X  v 

i<C 

W  V 

a 

4  • 

C 

•i* 

C  F  IX 

4  1/ 

ft- 

U  J 

u  N 

vJ 

o  v*  > 

W  iJ  x 

XdUi 

\A 

“  ti 

aJ 

M  m 

C* 

>  -4  0 

c  « 

u  a 

X  u 

j  2 

u  C 

LL 

<  to  c 

■At  U  Q 

ai 

a 

a  ♦- 

a  ►" 

u 

ei-t. 

<».  - 

sr 

3  U 

.  a 

c* 

Ur  X 

ti* 

^5  *H»  *1 

*  a  i 

UJ  u 

0  0  2 

>o  t 

Oi 

IM  9" 

*  c 

V 

S?  C3 

x  4  a 

»- 

2  L. 

e 

N* 

r  r 

X 

V 

UJ 

a  •: 

U  w 

* 

•te  „ 

Vi  £ 

^  q  * 

< 

tit* 

•— 

•£  *  C 

>•*■*! 

U  4  « 

a  X  u 

ti  C  u 

c  x  c 

•— 

1-  c 

c.  W 

c  X 

U 

> 

-J  »  «- 

4  V  A 

<  X  ^ 

2  «  * 

*- 

*<  x 

Cu  W 

^3 

=>  V 

*4 

V  pi 

V  V  H 

S 

U  Jft 

*•  £  u 

4 

u.  a  v 

tr  e 

g  r 

c  i* 

a  u 

X 

<  ^  - 

Q  ,*  i 

X  4  'i 

A*  2  S 

ti? 

*-  - 

»- 

■4 

x  a 

<  X 

2t 

i  v  a 

0  O.  » 

©  d 

ti. 

2 

i/*  < 

X 

X  N  « 

w- 

* 

u  p*  s: 

V 

a  a  i 

Ok’  *4 

Urdc 

3  X  ft* 

ft-  c 

o  ,v 

ift 

N  X 

S>H 

Sr 

t  ** 

CJ  a 

c  <v 

4  U  C 

tv; 

u 

**  r 

i.  2  S 

#?  •- 

*C  ft-  3^ 

e  ** 

}  •*  A 

U  .U  v 

0,  3  * 

-  «  a 

<  “  « 

O  * 

> 

A*  a  u 

»  — 

vil  ft*  M  -J  G  a 

e» 

Q.‘  U‘  * 

r  •- 

»  •* 

c,  8* 

U  JL 

y  n 

C  Ci^c 

m  *  e 

G  O 

i  ,g  - 

u.  «1  « 

a  jt 

4*-  ^ 

a  -  - 

33J 

2  SH  4 

<  5  S 

v*  JSJ 

u*  c 

0.  >*  ? 

vi 

!  •-  C  < 

C  v 

C'  ^ 

J  * 

u  C 

Cti  M  U  ftp 

X  7*. 

-f  ft-  «p 

**  a  ■> 

sr  •- 

V* 

1  *1  W  i 

wl 

a  J* 

3  ft-N  «H 

Vi  ^  V 

v  2  > 

4  4*  * 

2  - 

aJ  -J 

£i>-* 

tij;  „ 

-  -j  »t 

*  V  u 

at?1 

r*o 

—  ft-  „ 

a  u 

u  ti 

Iti  PM 

<  a  v 

2  o,  a 

X  •-  u. 

<  X  o 

C 

VC  * 

—  A 

N*  /I  «*J 

<  i*  U 

£>  C 

- 

U  ft- 

*  a  u 

4  K 

Ou  U 

X 

- 

MSi 

irv  r 

sr  *  C 

0  V 

ft-  —  0 

Sinn 

ft-  ft-  xr 

<  C  U.  u 

ft- 

«— 

1  V  1*  \* 

-j  <  r! 

O  ,u  * 

ft-  4  ^ 

ft-  t  c 

2  VI  .4  vi  ai  14 

w  o»i 

^  n: 

-  at 

N  Ut  ft 

X 

1  3  S  «v 

4  a:  x 

u.  u  u 

U  K  O 

Ci  X- 

*•  a  a  u'  a  < 

2  U.  *4  )X  *  &  N  N  &  u.  G 

Oi 

}  3  5  - 

EicE 

w  u  ^ 

tiJ  K  A. 

2  4  M  O  O  X 

a  x  s 

.«  «j  -i 

<4X 

'ju—  X 

o 

*■ 

^>s 

u  CU 

a  v*  h 

>  UJ  w 

an  mot 

a  *  sn 

<  e 

a  c  uJ 

»  a  ? 

ec 

i  *•*  ft  If 

Of*  » 

<?  o  - 

*SJ  ri  -r 

If.  O  ti 

APt 

<-|vr 

■ru'd 

►  «  ? 

CtilVtiA-AlOti^ 

s. 

m  tn  rt  <n 


2 


c 

Q 

JS 

(0 

cd 

u 


rt 

4J 

•H 

H 

1 

ri 

O 

>, 

M 

O 

60 

OJ 

u 


tW 

tM 

(U 


(0 

u 

a 

D 

1 

Ch 

(0 

Q> 

M 


(1) 

H 
ja 
v» 

60 

*A  m 
60  ^ 
0) 

a  tu 
a  $ 

*  i 

Sri 

q 

a3 

o  to 
a  tu 
3 

O’ 


•u 

v-t 

w 

vt 

3 

ri 


3 


»w 

O 

u 

g 

au 
£  2 


r** 

O 

tt) 

•H 

.3 

H 


c 

C  <D 
©  U 

<u  w. 

*£ 


CO 


CO 


o 

a* 

u 

s 


*1 

v»  1 


m 

onirt 

O^Kl 

niniHodi 

n>  a>  if 

m  ip  c 

0  9  0 

Qp  Vl\  (P 

9A« 

QD  (A  If 

mr 

mmrmt 

•  •  1 

•  •  < 

•  •  * 

•  •  J 

•  •  « 

w 

-4  ?4 

*>  fu  P 

fst  *•  4 

O  35  - 

NCft 

ipiftp] 

013  N  •■ 

O  -•  ► 

©  !*•  P 

rw  i/>  - 

o 

IP 

m  <Ni  3 

pi**  pj 

nNN 

9*  t*  PI 

NHP 

Hi4r 

NNP 

rup* 

H  H  P 

Pi  Pi 

H  H  f 

pi  p 

Be 

09C 

BE 

o  o  q 

OOC 

ooc 

ooc 

ooc 

ooc 

OOC 

ooc 

ooc 

o 

oog 

o  o  c 

H* 

ood 

ooc 

ooc 

ooc 

OOQ 

doc 

ooc 

ooc 

a  o  e 

o 

a  nr 

pg  m  J 

PI  PI  P 

mww 

*4  +  rt 

*i*t  r 

NNP 

rg  pj  cs 

CM  pH  fV 

Pi  PI  f 

P|  •**  f 

Pi  Pi  p 

f«  «*  P 

Pi 

■ 

BE 

EEE 

o«*J 

ooc 

ooc 

OOC 

ooc 

OOC 

ooc 

ooc 

ooc 

o 

n 

ood 

ooc 

o  o  o 

OOi 

ooc 

ode 

doc 

doc 

ooc 

ooc 

ooc 

o 

kfti 

ra  pg  p 

eg  ^ 

rt  P 

M  <V  <■ 

w  ra 

nj  ft  p 

pp|f 

ft  pg 

ft  ft  f* 

PH  P 

■ 

Si 

IBB 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

OOC 

o 

Cl 

HJ 

6  o  c 

ooc 

OOC 

ooc 

doc 

ooc 

ooc 

ooc 

ooc 

ooc 

o 

csj  rvi 

*4*4  P 

<V  IM  p< 

<*  ^ 

Hpip 

•4*4  P 

N  M 

fg  ph  <v 

ft  Pi  f 

p*  Pt 

PI  pH  f 

<e  p 

■ 

mm 

fW 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

OOC 

ooc 

o 

r4 

r.-j'  Hfc 

•  •  1 

•  1 

•  t  < 

•  •  t 

•  9.  < 

M-E- 

o  o  c 

ooc 

ooc 

ooc 

ooc 

o  o  *: 

OOC 

ooc 

ooc 

ooc 

o 

■■ 

LfcL 

•0  iv  w 

m 

r*»  >o  p* 

^r«r  « 

to  * 

n  to  g 

4*  !*  1 C 

««' « 

tP  IP  4 

nr  4*  if 

P*t 

ill 

OOC 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

p  o  c 

ooc 

ooc 

o 

r4 

■  •  1 

a  • 

•  •  1 

*  •  1 

•  «  I 

ooc 

ooc 

o  o  c 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

o 

WHf 

i  pj  ca  ^ 

*4*4  * 

♦4HP 

fH  f*  f 

ft  PJ  p 

ft  ft  p 

ft  Pi 

*H  pi  P 

P<  P 

■ 

wm 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

o 

WWfW 

•  • 

•  *  1 

•  * 

•  * 

*  *  1 

•  *  ' 

•  •  1 

•  • 

•  • 

*  * 

O  C 

rff 

odd 

>  o  o  c 

ooc 

ooc 

OOC 

•3  3  C 

ooc 

ooc 

ooc 

ooc 

ood 

o 

<a  * 

PI  *i  1 

Hrt» 

»  CP  fP>  P 

***** 

94  f* 

«*  ft  p 

pg  fp  p 

f*  * 

fg  ft  f 

ft  pg  i 

ft  fi 

Pi’p 

m 

mm 

ooc 

'  o  o  c 

ooc 

OOC 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

[o 

¥  * 

t  • 

•  * 

*  •  ’ 

*  * 

•  • 

*  • 

'„X* 

X«k«E« 

ooc 

iboc 

ooc 

OOC 

OOC 

ooc 

ood 

OOG 

ooc 

ooc 

ooc 

o 

jjX 

m 

*4  ¥ 

■  f*  t\i  p 

*4  t** 

•4*4  *, 

f»  PJ  f 

pg  ft  r 

PH  Pi  P 

pi  Pi 

f*  fi  f 

ft  p 

5 

rr*x* 

ooc 

9Qt 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

ooc 

o 

od 

»  O  0  K 

ooc 

►  OOC 

odd 

ooc 

d  d  e 

ooc 

ooc 

ood 

ooc 

ood 

ood 

o 

***** 

«VI\»* 

1  p 

MIAV 

*4  *4  <4 

M  M  l« 

r*  +  * 

m  pH  * 

PPP 

P>  Pi  P 

Pi  Pi  p 

ft  PI  P 

' 

ft 

c 

ifl 

*+ 

c 

**“ 

X 

aj 

< 

p* 

H  u 

0t  4A 

V 

<  Ui 

u  ^ 

*» 

V 

U  Ui 

uu 

X  SC  V 

1  U4  U) 

J  X 

I-* 

3?  2 

fc- 

c  ^  ^  a  c 

cr  « 

o 

u 

C  *- 

<£ 

>  — « 

f  w 

u.  ^ 

X 

>- 

a 

“*  i 

U. 

a  t 

l  c  ► 

V  Ui 

It 

-i 

p* 

t-  V 

3 

a  <  : 

:  u  w- 

»  V 

1  X 

X  >• 

o 

<44 

O 

*-* 

CM 

-4  g 

* 

u  u 

a 

a  t- 

-J 

3  >*  1 

i  ^  ^  3 

a.  o  i 

k  ^ 

^  K 

ul 

X  * 

a 

*  <  C*  t~  - 

w-f ; 

t 

S  u 

5 

u  C 

u» 

!  *  JC  C 

3  J  O  ! 

wwi 

t  3 

a 

S3  f 

*4 

?. 

CUi 

-c  t  - 

i  as 

O  c 

c 

c 

t- : 

xa 

Ul  u 

* 

0  0  3 

O  3 

•se 

t~  t- 

*  c 

1  t-  -ui  wt  5  C 

s  •* : 

1  ►* 

3  U  O 

1- 

2  1 

ur 

L*J 

a  s 

!  O  *M  - 

X 

^  c 

*1  O  II 

1  * 

< 

+«4 

*•» 

X 

*  X 

alt 

Ikcu 

CSC 

“ 

p-  o 

<L  > 

t  a  X  u 

1  >* 

4  H6- 

iiit: 

is  g 

[  M 

<4  U 

t 

o 

3*- 

f  *< 

i  gJ 

> 

*-  t*  h  *r  r  « 

**  »iM  HI 

i  u  _J  « 

1  •«  e  u)  <c 

U'St 

c  c 

1  z 

i  e  ; 

1  c  c* 

t- 

at  *t 

£ 

{  <4  0* 

O  X  c 

!*<«-» 

1  •**  JM 

*■*  ►. 

- 

I  c  o  H t  z  _ 

i  3 

ip  a 

u.  tt  _ 

j  i-  a  I 

l 

WP  «1 

1  ‘X 

C  **h  * 

i  SAX/ 

!  « 

1  -  1 

-  ; 

334ii!<y 

1  -j  O  O  O  25  »- 

w  e 

3  iA  a 

I  W  3 

{  f*  ^ 

3  >  5  - 

sr  a  ** 

c  a  C  <-*  6 

JU  c 

2^3 

u 

1  JS 

=2  •- 

,  -  -■  » 

C  <4 

iO  «  J 

3  4t  - 

a 

Ui  > 

J  ►>■  3  J  >  H 

,  —  3 

-J  r*  - 

J  Cu<  2 

|  t, 

i  6;  U  3*  ST  ► 

-<  - 

X  *■ 

e.  s 

'tt-Ju 

1  3  C 

\  c  c 

4  c 

.  k  »  e 

£  ■«  f 

*:  f 

i*i*-55o.  JDtJJi  -  au 

■*  s  a  >*  c 

U.  X 

i  *- 

<4.  »*  o*  >C 

J 

c  v 

(  L  < 

^  c.  C 

a  mu* 

>  a  *a  *-  « 

1  . 

*  - 

xr 

»*  3  5»  «  6i  - 

J  J 

1 

J  — *  u* 

!3^l 

*  c 

isci 

i  a  -f  a  *-  •*  w 

C  W  U  *■ 

I  l«  f 

l  <  7  > 

uiisr-i 

jhdqc | 

i 

|  W  \A  fr. 

\  *  J%  u 

.«  3  - 

1  * 

1  u  *- 

■<  3  U  <S  1 

u 

i  3 

i-  i 

{  X  u  *. 

*  j  v*  H  u*  ^  S 

\  T  t«  C 

1  =  ; 

w  P- 

*-  *-  0 

3f  iP»  V 

i  V*-l 

-  O  u.  1. 

J  rr  i 

1  - 

i  j"-1  j<; 

1  so  a  »■  <  v 

*-  x : 

42  gp  •* 

\  V/t  U4  3 

(  ui  U,  5i 

1  >•  U.  4 

*  * 

V* 

!r:  j 

5  <  K  tuUt 

o  x  to  a  =  *■ 

1  W1  -  . 

c 

1  UJ  ft  ■ 

<  X  u.  *- 

i  <  oc  HtVHau.ua  1 

tL 

idc 

JS-O'UUa 

iiaM-uo  . 

J  3  *  • 

“3  n  2 

3  3  3  O  -  3 

4  UJ  Ui  U 

H  <i 

<  vu  «•  : 

5  3  | 

jr  ii 

J  v»  >  a*  a  C  u 

3  \A  ► 

<  >  U*  V 

DU.IJ1U* 

ovu 

1-a- 

]»>  3 

3  ft'  L  t 

r 

t  t* .*  w 

1  <f  Ci  “ 

«  <y  o  <-  ti  <• 

UirjNce 

i  o  p*  pi  r*  «#•  u 

4  *0  N  d  O 

«4 

X4-4- 

-1  M  "4  *4  N  ^ 

4  *i  ru  py  pi  i 

3 

3 

3 

3 


3 

3 

3 

l 

3 


0 

60 

ri 

3 

3 


113 


Task  Number 


a 


R 


c 

o 

5 

CO 

RJ 

4J 

>1 

U 

Rj 


o 

4-1 


4J 

c 

c  a; 
(O  u 
<u  u 
£  01 
a. 


CT> 


4-t  a) 
tw  M 
01 

0)  CM 
H 
,Q 

Tt  <U 
60  M 
■H  H 

as 

<u  d 

a  q 

•H 

a* 

Q> 
o)  d 
0)  o* 


0  “rl 

a  <0 

</)  v? 


§ 

§5 

i-i 

u 


O  ^4 
U  ti 
4) 

O. 


CM 

0 

w 


a 


00 

it 

o 

0) 

JO 

H 


00 


VO 


CM 


CS 

O 

vJ 

*J 

a 

o 

s 

o 

H 

o 

u 

a 

& 

w 


M  M  eg  0*  o| 

•  »  •  •  4 

m  m  n  so  09 


O  M  a>  o 
•  *  ♦  • 
O  N4»  3 

t+ 


•*  irl  -a  «  ff 
Mintivi  <ii<i.n 


114 


M  f" 

ID 


J* 

10 

Ctf 

H  ui 


q  o  a  . 

*  4  •  • 
NO  SiA1 
+  4j  *  PM  ( 

O  A  A  A  I 

•  *  •  • 
^  N  N  fw  I 
>4  <*>  *  f*k  i 


iftlftNM1 
<  fl  ^  W  l 


o  irt  ^  o  i 
•  ♦  •  • 
A  r-  N  O  i 
f  W#l"i 


-r  s'  fj  < 

"a  ©  tf>  < 


i  ©  ©  q  o  a  ' 
i  *  •  4  •  • 
i  A  O  A  A  N  J 

I  «r  n  cm  «■<  i 


o  O  A  A  A  c 

•  •  4  •  • 

lA  O  si  *•  S*  I 

•4  a  s|  s'  pm  t 

O  A  0>  A  A  l. 

•  l  |  •  » 

^  rn  eg  < 

OQnQO) 
«  •  ♦  •  • 

>  a  a  si  o  A  r 


Q  A  A  A  A  V 

•  •  4  •  • 

A  fsj  N  N  N  1 


O  A  <d  A  A  i 

#  «  1  i  • 
^NiflNNl 
pm  *4  st  m  rft  i 


S  N  id  N  >  QOONNtf  A  N  N 
41  0  <4  PM  S  f*  <M  S  i  r*  PM  *•  ♦  SJ  A*  *■• 

OAOOC  OAAOArfOAQAO 

it«i  •  «  i  •  •  '  •  •  ♦  •  • 

ift  4  a  a  aoN^iAKNiflSQ^O' 
*•  «  pu  iv  < 


N  'P 

IM  A 

A  P* 

o  at 

O  A 

•  i 

*  • 

A 

©  »M 

'1 

A  f* 

1 

O  A 

3  3 

•  J 

*  • 

A  St 

3  f> 

*•4 

A 

in  4  O  X»  i 
•  •  *  * 
M  Q  A  M* 
A  A  *  **  * 

I 

o3o<>: 

I  •  «  « 

A  A  O  SI  t 


l  A  A  tf  O  A  i 

kNM3^( 

♦  f'WP*' 


i  A  A  VT  ©Ok 

*  •  •  * 

l\j  S*  S  A  A  t 

»H  -4*  P  P*  PM  < 


>  A  O  r'i  A  pm  k 
A  <•  t*  *J  * 

O  A  A  A  A  I 
♦  *  *  •  * 

A  *  P*  *M  « 


A  ©  d  A  A 

•  •  4  •  • 

s«  ©  ©  n  n 

l«PHNJ  ^p* 


(M  W  4j  m  m  J 


p*  *.  A  s-  ■ 
Mp4  fit  N  <PM 


90  A  A  O' 
•  •  *  •  • 
A  A  N  N  A  i 
N4W  Wl*'1 


O  O  X  o  o  < 

•  •  I  *  • 

A  A  *  A  A  ! 
IM  *4  S  WWI 


A  a  tf  AAV 

•  •  I  •  t 

f^NI 
WMP  S'  4*  ' 


0990  A< 
•  •  ♦  •  • 
A  O  A  A  N  V 
<*  M  4t  'T  «*  ' 


AAC  A  A  d  A  O  V 

•  •  i  •  •  4  •  * 

P*  N  iT  (\J  S  ifl  N  lT>  1 

w4  wrt  f*  W  <M  N  •*  *-M 


ooqoot 
•  •  4  •  • 

©  o  d  ©  ©  v 

m  ISJ  Ml 


O  A  »f  A  A  I 
•  •  <  •  • 
O  ^  NS  i 
f-4  CM  rs 


O  A  C  ©  A  » 

♦  •  t  •  • 

©NX  A  N  i 
HNP  «4HI 


A  A  C  A  A 

•  •  i  t  « 

A|  M  X  NS* 
4  fIV  k  H 


A  ©  ©  O  4| 

•  •  4  •  1 

M  ©  A  A  4 

p<*  IM  «"j  S 

A  A  A  ©  4 

•  •  <  •  1 

S-  IM  S  ©  © 

H  N  ^  SJ 


A  A  Xt  ©  - 

•  •  4  •  ' 

SS  M  3  If 

|4  H  Si 

O  ifl  «j  ifi  N 


Ift  O  e  iO  if>  If  00*3  M 

•  •.••»••  J 

NO>  NMl  00'  A  4 

rt(TS  HIMr  N 

■0«ft**'ioifirti«Cif»  H 

i  •  •  i  ••'*•'•  t 

■  4 

I  Httft  |4  H  P  H  pl*  N 

rAAUOOCAOCA 

•  •**•••  J  i 

‘KNSOACNOXM  a\  \ 

t  «4fV(l  N4PH  M-*  fM  | 

rAACOA4AAKA  S4 

4 

'NNC  OM^NS^  N  N 

"  pi  (A  n  pj  H  P  H  pJ  r 

;oACOAvroA<o  -♦ 

i  4 

I  iftSC  PNS  iftSQO  g 

'f»4fMP»INiS*Sf4«4f^  1*1 

fDAtfOOtfAOvAA 

i  •  •  i .  ft  •  i  «  *  *  4 

*•  QSNlAQ  P  NAS  M  CH 

y  fHNjrtfyMP  s) 


.4 

ST  S  *♦ 

A  A 
<f  '  0 
Vi  49  * 

r  st  m 

^ 

v 

‘-’1* 
oj  ii  *-* 
W  ^  © 

^d£ 


J  s 

v3  U* 

^  1 

Jj  ^ 
W  u}  3* 
4  a  o 
t*  H  -i 

A  3  *-J 
^ 

2  Q  Vi 


XOuu: 

lUlLi 
»P  Oi  i£ 
UiUD  C 
ku  *4  »* ; 

p>  X  U  <  « 
J  4J 

s*  u  «  s  « 

•  4  V*  . 

c*  jf  n  a  : 

©  •<  a  *  ; 

ot  C  —  « 

u  u  a  a  - 

or 

i  •?  *->i  a  mJ  1 

c^<( 

cg5c; 
i  4J  i  -* 

I  H  V*  V»  ! 

I  •»  4  J  <«  ! 

#  Si  Ui  U  I 

I  a  a  ji  ‘J  ■ 

I  >  >  U  C  I 


1  If! 

:  ui  *  c  i 

•unit 

j 


a  e  “ 

B?t- 
C  M  " 
i  3 

-  3  - 

u  t  C 

Hk  'Ui 

a  p- v- 

,  a 

is! 

Mill  it 

H  >  u- 


> 

•J  . 

it  P 
U'  J 
m  :>: 

3  U 

a*-* 

»  w 

«3S 
3  O 
W  O  <4 

c  3  a 

5^3 
I?  5  5 

k-  0 


C  N 

<s  -< 

•-  n  e 

►-  4  * 


24 

1  c.  iXl 

d£33 

t-i  <  trt  Ui 

a  u.  ►*  ] 

h  if>  ►-  J 


«*  urui 
af  ta  C  j 
i  3  ►-  a 

)H  »-  3  U 
!  U‘  J  W  2  c  „ 

I  3  3  jj  <4  B  3 
i  o  >*  a  a 
<  at  i  2  n 

*»  O  <«  -  vt 
*-  **  ft)  2  UI 
a  \rt  u!  i«  jj  A 
»2C  u.  fit  W 
3  O  t  0  3  3 
I  -»  U  I  Olfi  K1 

i**  M  c  «r  tn  4 
N-NIl  At  N  "* 


Q.  > 

a.  a  a 
c  c  2 
< 

tr  y 

ai  «  »-  2 
it  SS)“i- 
V  —  i  *•■*  3 
C  q  <  C 

-J  <“ 

gJ  lav 

oV;-» 

J  M  <  3 

iD  g.  ^  a:  V 
X  u-  M  <  a 
U  —  3  a)  UJ 

*e^*> 

MOClO-l 
aj  aj  N  «"» rt 


I  A  *“ 

*  *aJ  w 

j  ci  a 

•  4 

4|  M  3J 

u  ^ 

4Ct 

J3  -^4 

30.  >- 

4  *4 

2^  a  r 

p4  w  «r 
m  i4  ** 


i 


■8 

| 

H 

a 

o 

u 


ON 

* 

o 

0) 

H 

i 

&■* 


a) 

ja 


A! 

w 

«o 


oo 


in 


CM 


a 

o 

vH 

■U 

£ 

<rt 

U 

tJ 


a 

§ 

a 

St 

(A 


116 


Table  C.ll,  Percent  of  responses  In  negligible  effect  category  for  ordinary 
tasks  on  revisit  questionnaire  {43  respondents) . 


35  FXTitFRfLT  IUcY  wtfJIM*  TMKfjKi It’SK t H  30.2  25.6  20.9  25.6  25.6  46.5 

36  WcfiY  t'A-PJFUt.  irrAtUCHF  16.5  23.3  16.3  14.0  16.3  41.9 

i2-Xitt£.i  cmjrx.aoruuc  _ _ _ _ _ iua - - z~o — s — 3 - z*e — 

3ft  fHOHf  rip  14*0  11.6  7.0  tl*6  9.3  .51.2 

39  IlUftttfUC  ftrcTN  4»l0  £VES  23*3  t6»3  20.9  14.0  14.0  30.2 


Appendix  D 

TASK  ANALYSES  RESULTS 


Appendix  D  summarizes  the  results  of  analyses  of  individual  mili¬ 
tary  tasks  used  to  compute  the  measures  of  crew  positions  in  each  crew. 
The  data  include  (1)  the  percent  of  respondents  who  rated  task  perform¬ 
ance  in  the  no  effect  and  cannot  do  categories,  and  (2)  the  mean 
expected  percent  of  normal  task  performance  for  each  of  the  four  crews. 
The  order  of  tasks  is  the  same  as  was  listed  on  the  questionnaire. 

Two  sets  of  summary  results  are  presented.  The  first  set,  Tables 
D.l  through  D.8,  contains  the  measures  listed  above  unadjusted  by  the 
control  complex  symptom  112111.  The  second  set.  Tables  D.9  through 
D.16,  contains  mean  task  performance  percentages  normalized  for  each 


In  order  of  severity,  beginning  with  control  symptom  complex  (normal). 


order  of  severity,  beginning  with  control  symptom  complex  (normal) 


J  .•  ■  ■ 

V  ‘v'V'.'.'' 


‘■M 


a! 


;  ;  , 


s'  si 


U:%:. 


i^',V  ^ 


•  •»<.«?■  4-'  J 


r*  M  «  *i  n.  *>, 


.  .  .  .  I  !  , 


NmmjnmfnN'TNjnnmrinm«ftjWN*r^'[iJ'rwf«f,’ncn 
•  •  •  •)•  <  #i«  t  •  1#  •  •«*  **  •[•  •  •  »•  •  •]•  •  •  '•  •  *  1?  •  • 

ipooNrtf  fN,(n®^^^^^^'>p*“,a®,e,02I<,Sfil52SS22i 


•  4  vrs  *n  «r 

t 

i 

i 

1*  jTI  i«*  « 


#4  ^  M  t 

-»  <A  ^  » 

■«  tv  r*  1 

r;  ...  r.  •  •  •  •  •  •  r.  •  «  o  •  •  >•  •  •  )•  •  °  I;  •  •  ]*  2  •  i*  •  ji 


<^<  »**  ^*  -r  - 

f\  ^  w  ra  m  j^i  ^  rv  tf*.**  **  m  w  ^ 

-4*<o  w  ifl  o  /  OO 


A»  •*  <V  **  **  «*  *«' 

off'."'0^  d  *■*  *o  r>  ^ 1 


C  £  S\  «  5  CBJ-ONOp?^Of  fj.®  ** 

:  [  !  )  1  1 

ZZ™  ?S£5  SonScj  ^9fWHfQ(yWm  o  ©  -  f -r  «> 

•  •  «  c.e  *  »  •  *  (.*  *  •'[•  •  •[•  '*■*!•  *  •  I*  '  •  •  ^  >  V  *  I*  •  * 

Us'I'nb  virfuniio-Mffif'^hnPo  £*;  SEtSSSSS 


voider  n  n  'T  ^  ^‘O'  r^^sC*.  sj-** 

»  «e  r*  w  p*  w  »  >£»  w  p  *»  .0  f  >  hp  w> 1 '  «  p*  f*  .3  >0  w  <*>'i0.<  p>  >o  (»*  tf  «•  vw 

[  i  .  4  ;■■  1 

•  F  ■  T*  «,  .  i  .  V  .  L«  4  c  tt  *  •  t  .  *  I  •  *  •!•  *  •  •  *V|*  *.  ♦ 

k  j)r»  L^mruiAiMuviMMiAM  ip-w'*  f\l  P.  b*  BP  K>  10.  Id  SP  r<0 


t  »  i  *  •  I  V  •  »  lit  *  *»!•  •  • 

IMNmvIMHNNIM^pfl  W'N  I'lP'l'INN 


U  w  o-  1°  i* 


(v  m  ru  m  (M  f*  jfl  «n  f*'  N  iy  t»>  Jm 

b>«n-*C'»C'ki^-*|pr'«M  »  ^  »  **»'•*'  ■£«* 

>•  *  i  |i  4  «Fti  t  ’*  »*  »  •**  *  «fv  •  •  m  ■»'»(*  •  *•*  *  ■*!»  *•* 


V  v  t  ''  ,u  W  ^  ’V  , 

J*  *  *  I*  •  >  i«  «.  *■ 

r  c?  in  i o^r  <«  »  ««  -a 

JINKilM’VMN  l»V't'{ 

lii  f>«  o*  U>  »  a  L  ■?'** 


g  iW  fS  'M  nj  «  «  «  ,nj  w  ^  T  r"  w  w  w  -y-  ~  ^  ■■«•  •  - 

[  t  '  F  '  !  L 


IV  fy  ai  *!•«  «y  pj  i«  Ki  ft  y  <m  p  i*i  m  p  tv  «i  nni*  *  «<'<  |u  <m  «  p  «  « 

C»  »  j)  jr  «.w  n«o^>’i@>i>(s*r'^'h,*s«»,,'it'*,'i  ovf*-**ii  ®  K"  «  e  *a  * 

•  »  •!«  *  »l*-i  •  *>•  *  *|»  »  *■»»  •  *  *»  •  *'*  *  *  )•  *  * 

H  so  tp-if*  f*.  o  rt*  «  i?  •*  o  y.sf  *4  •»*  n  «  *-  *i  «3.«vf“  ir  +*■  u  **  ui 

!  :  I.  I  -  1  >  • 


4*  r*  ^  «  «H  f=V  A|  «  iM 

1  .  r  ~  *  ?  1  1 

^  ^  r*  tri*  *f*?oif*r"* 

Ki  ■*>  »y  v  v-  ff  s  tf1  #>  <«*■  fv.  *»  ry  in*  «?  s*  * (jy  k'  ^  <r\  ^  r* 

•  *  «  ;*  4  *  m  i  ♦  i1*  -  *  *  4  -4  <»  *  *  «♦.  *  •»*  4  *  *  *  *  !■  •  * 

.iv  <-*  ■*  &-  a*  tv  kj  a-,k,u>  ^  «?  ai 

c;  *m  /*  "a  %a-  ^  «■  ©  j*‘  m  f*  10  ^  ^  ^  g»  iv  *^  •-»  •>  <\i  a« 

•  !  ;  [  '  I  ! 

ck  -  .  •  I  .  *  !  1  1 

%*i  ^1  »•«  4»*  *-* 


rn 

|  8 

t  .0 


& 

o 

14 

o.  . 

I  l 

,U). 


-••  122 


&  -  * 


f***- fa 

ta  r-  ^  *  r*  <\i  t“ 

CM  r*  friM  M N 

«>  *»  4t  r*  tft  i» 


•to  O  f«?  H 

I*  •  « 

I1W1# 


•  «\i  *  ifr  «3  *3  * 

t  «  •  |4  #  *  I*  • 

•  <Si  A*  C*  f4  if»  W*  C* 

WfiapM 

•y>Ain<5oloo 

i  r*  C  t*  W  *0  O  v£) 
»*»!«••«» 
I  k.  r  h  wj  ^  r<  r 
•I*  O  if*  w*  A*  kO  ** 
1 


K  *3 


.  &  «  O 

•  «  )«  «  « 

«r-  n 

or  im  Jn  — 

<?  **  r-  v  * 

•  *  f»  •  ♦ 

r  *  -r  «c  +  «m 

«  4  «r  «r  m  «* 


I 


KM 

*  fr  i* 


•rO'Wtoo 

^  ^  «  tt* 

*  «  F*  ♦  * 

d*  w)  *r  aj 

*"*  <r  o  *m  ** 
«  »  h  (  « 
rfMPtr* 


a*  a  «*  *i  *o 

«  *  |4  I  • 

f*  a*  M  m  a- 

*j  >d  Id  r*  c? 

*  •  I*  4  * 

C  V*  «3  A4 


*  «M 


M  N  e  M  •«  M  «* 

*d  «<  »4  O'  «a  ^  *4 

•m  #4  «4  N  •*<  H 

«4  «•*  <H  *■  fu  N  *j 


rn4  4*  <**  **  H  »*  *><  4^  »4  ^ 
v4r|i*4HI«4««#>4  4l  «•*»  »4  *■* 

»»*»*>« 

rttxf  ^■irir 


r 


W*  «P  *4  •**  M  «“•  *«  1 


M  w«  f<  t>*  *<  fu  **  ^  *“  «■*  •* 

Jr  ^  ^  r'  >r  ^  ^  c*  tf* 

<r  •** 


♦v 

n 

w> 

1° 


V 

r. 

V* 


«; 

L* 

fc* 

* 


41 

oO 

tS 

Vj 

<y 

-5: 


123 


\ 


« 


In  order  of  severity,  beginning  with  control  symptom  complex  (normal) 
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In  order  of  severity,  beginning  with  control  symptom  complex  (normal). 
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In  order  of  severity,  beginning  with  control  symptom  complex  (normal) 
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order  o£  severity,  beginning  with  control  symptom  complex  (normal) 


<3 

C  O 

»|S  ° 

„(w  ^ 

u 

O  0) 


o 

c  O 

c  a 

ai|<3 


lONh 

I 


ll\UN 

■  i/>  i"  <r 


o  o  o 
oco 

•  »  u 
a  o  o 

r 

OdO 

OOii' 

*  *  |4 
UOh 

r—  ^  fj 


>  e  o  o  < 

l  o  e  o  < 

>  »  •  * 

Id^oi 

r 

i  s  -a  o  < 

>4*1* 

IJ' W  W  I 

I  ^  •“***•  , 


>0f  jM 

ooei 

oopi 

♦  4  u 

o  a  cm 

[' 

OQ  ir( 


3O0C0ODO< 

^OOOOOC( 

*  It  •  *  I*  •  t  It 

^oapooiM 

T~r  [ 

>  o  o  o  o  o  o  b  t 

»***i**«|* 

*  ONNfJdNr*' 

*  •-*  *  *W  fa  . 

joootdoai 


>  c  o  o  o  o  r1  » 

ii*  *  *  f»  •  •  >• 

lONU'OOW 


►  itma  *  | 

I  O  O  O  &  I 


i  o  a  <s  b  o  o  o 

i«'COpOtf>Ci 

>  •  *  *  *  It  •  4  t« 

n  c  a>  d  o  m  v'  i 


I  I  I  : 


►  o  o  b  o 

I  iO  1A  O  O 

>**[•» 

‘NNbO 

IOOOO 
i  dkAdtA 

>#•]** 


)  o  o  o  o 

'Otf'I'C 

►  *  *  I*  4 

J  O  N  ^  « 
'  vh  -4  Jr»  rf\ 

>-3000 


I  M  O  >A  «» 


irjrof^s^  w  h  w  ii*  h  r*  i 


H  W  H  <4  *>  i 

m*  o  «*  m  n  «r  < 


*•  <r 


\f*  *+  *s  if* 
•*ruNw 
tf*  lf>  ¥1 


order  of  severity,  beginning  with  control  symptom  complex  (normal) 
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order  of  severity,  beginning  with  control  symptom  complex  (normal) 
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aIn  order  of  severity,  beginning  with  control  symptom  complex  (normal). 


Table  D.8.  Meaa  percent  of  normal  performance  for  tasks  on  TOW  crew  questionnaire. 
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NOTE:  Tusk  percentages  were  adjusted  by  symptom  set  112111. 

ain  order  of  severity,  beginning  with  control  symptom  complex  (normal). 


NOTE;  Task  percentages  were  adjusted  by  symptom  set  112111. 

aIn  order  of  severity,  beginning  with  control  symptom  complex  (normal) 
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Table  B.14.  Mean  percent  of  normal  performance  for  tasks  on 
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8. 

In  order  of  sever Lzyr  beginning  with  control  symptom  complex  (normal) . 


Appendix  E 


ANALYSIS  OF  CONFIDENCE  RATINGS 


The  results  of  two  analyses  performed  on  the  confidence  ratings  are 
summarized.  The  respondents  were  asked  to  estimate  how  confident  they 
were  of  their  judgments  on  a  scale  of  1  to  5  (1  =  not  at  all  and  5  =  cer¬ 
tain),  after  they  completed  ratings  at  each  symptom  level.  Therefore, 
there  was  a  confidence  rating  supplied  by  respondents  for  each  symptom 
set. 

First,  differences  in  the  distributions  of  confidence  ratings  were 
compared  across  crews,  in  terms  of  the  frequency  of  responses  in  each 
of  the  five  categories.  Table  E.l  shows  the  median  response  across 
crews  and  the  percent  of  responses  in  each  confidence  level  for  each 
crew.  Approximately  1.2  percent  of  the  responses  were  missing  across 
the  four  crews,  leaving  a  total  of  3820  confidence  ratings.  Host  re¬ 
spondents  rated  their  confidence  as  a  lot  (category  4)  or  some  (cate¬ 
gory  3),  across  symptoms.  Only  4.4  percent  of  the  responses  fell  into 
the  lower  two  levels,  suggesting  respondents  were,  on  the  whole,  con¬ 
fident  of  their  ratings. 

There  were  no  outstanding  differences  among  the  four  crews  with  re¬ 
spect  to  the  distribution  across  the  classes  and  only  minor  differences  in 
the  median.  This  equivalence  between  crews  was  surprising  because  of  the 


Table  E.l.  Distribution  of  responses  to  confidence  levels 
1  through  5  across  30  symptom  sets  for  four 
crews. 


Crew 

Confidence  Level  (Z) 

Median 

«) 

1 

2 

3 

4 

5 

Artillery  gun 

0.2 

3.0 

43.4 

40.4 

13.1 

3.50 

FDC 

0,5 

4.4 

37.4 

49.0 

8.7 

3.66 

Tank 

0.5 

4.2 

40.6 

41,4 

41.4 

3.61 

TOW 

3.7 

2.3 

36.6 

50.0 

9.4 

3.69 

All  crews  combined 

0.8 

30.1 

45,5 

11.0 

3,65 
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differences  between  the  artillery  groups,  on  the  one  hand,  and  the  tank 
and  TOW  groups  on  the  other  hand,  in  pay  grade,  experience,  and  super¬ 
vision.  This  lack  of  substantive  differences  between  the  crews  suggests, 
that  these  demographic  characteristics  were  uncorrelated  with  the  ratings. 

The  second  analysis  compared  the  distribution  of  confidence  levels 
between  symptom  sets,  in  order  to  examine  whether  the  severity  of  symp¬ 
toms  would  affect  the  confidence  ratings.  Table  E.2  shows  the  median 
response  and  distribution  of  responses  across  the  five  categories  at  each 
symptom  level.  The  symptom  sets  are  ordered  in  terms  of  the  rank  order 
of  severity  across  the  four  crews.  Combined  crew  responses  are  shown 
and  it  was  found  that  analysis  of  the  separate  crews  did  not  reveal  note¬ 
worthy  differences  among  the  crews.  The  symptom  sets  generally  did  not 
differ  substantially  in  the  distributions  across  confidence  levels.  Most 
responses  were  made  at  confidence  levels  of  3  and  4,  and  responses  in  the 
two  lowest  confidence  level  categories  ware  relatively  infrequent.  Fur¬ 
thermore,  the  range  of  confidence  level  medians,  between  a  low  of  3.46 
percent  for  symptom  set  313112  and  a  high  of  3.88  percent  for  symptom 
set  112111,  indicated  that  there  was  not  much  diversity  across  the 
symptoms. 

There  appeared  to  be  a  moderate  trend  to  be  more  confident  at  the 
ends  of  the  severity  continuum.  The  median  for  the  five  mildest  symptoms 
was  3.76  percent;  for  the  middle  five  symptoms,  3.63  percent;  and  for 
the  five  severest  symptoms,  3,70  percent.  Perusal  of  the  distribution 
for  the  symptoms  involved  suggested  that  responses  for  milder  symptoms 
were  somewhat  more  frequently  grouped  at  the  upper  end  of  the  scale.  At 
the  severe  levels  there  appeared  to  be  a  tendency  to  use  both  ends  of 
the  scale,  however,  these  tendencies  are  small  compared  with  the  sub¬ 
stantial  agreement  in  the  distribution. 


Table  E.2.  Distribution  of  responses  to  confidence  levels 
1  through  5  as  function  of  perceived  severity 
of  symptom  sets  across  crews. 


Symptom 

Complex3 

Confidence  Level  (%) 

Median 

(%) 

1 

2 

3 

4 

5 

112111 

0.8 

3.2 

24.2 

57.3 

14.5 

3.88 

113111 

0 

2.3 

32.0 

51.6 

14.1 

3.80 

311111 

0 

3.9 

41.1 

45.0 

10.1 

3.61 

211111 

0 

1.6 

34.9 

49.6 

14.0 

3.77 

113121 

0 

1.6 

37.8 

50.4 

10.2 

3.71 

213111 

0 

1.6 

44.9 

44.1 

8.7 

3.58 

313111 

0.8 

3.2 

44.4 

42.1 

9.5 

3.54 

412111 

0 

4.0 

38.9 

46.0 

11.1 

3.65 

123111 

0 

3.9 

41.9 

44.2 

10.1 

3.60 

41.1111 

0 

1.6 

39.5 

51.2 

7.8 

3.67 

312111 

0 

3.9 

43.3 

43.3 

9.4 

3.56 

413111 

0.8 

4.8 

43.7 

44.4 

6.3 

3.52 

114111 

0 

4.0 

37,3 

51,6 

7.1 

3,67 

521111 

0 

2.3 

42.4 

42.4 

9.3 

3.63 

513111 

0.8 

3.9 

40.6 

46,9 

7.8 

3.60 

414111 

0 

3,9 

37,8 

48,0 

10.2 

3,67 

224111 

0 

4.7 

43.0 

44.5 

7,8 

3.55 

313112 

0,8 

2,3 

48.8 

38.0 

10.1 

3,46 

514111 

1.6 

3,1 

39,4 

43.8 

7.1 

3,62 

414112 

1.6 

3.1 

42,5 

44,1 

8.7 

3.56 

314112 

0.8 

4.8 

45.2 

38.9 

10.3 

3,48 

515311 

1,6 

3.9 

39.8 

43,5 

9.4 

3.61 

314113 

1,6 

3,0 

40,9 

41,7 

11,8 

3.61 

52511 1 

1.6 

4.0 

37.3 

42,1 

15,1 

3.67 

315113 

.2,4 

5.6 

35.7 

42.1 

14.3 

3.65 

331231 

.  2,3  ' 

5,5 

34,4 

45.3 

12,5 

3.67 

535111 

0.8 

3.1 

38.8 

44,2 

13.2 

3.67 

515223 

1.6 

3.1 

33,6 

44,5 

17.2 

3.76 

515431 

2.4 

2.4 

36,5 

43.7 

15.1 

3,70 

415314 

1.6 

4.7 

31.3 

43,8 

18,8 

3.78 

All  symptom 

complexes  combined  0.8 

3.6 

39.1 

45.5 

11.0 

3.65 

in  order  of  severity,  beginning  with  control  symptom 
complex  (normal). 
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DB-6,  Rsch,  Tgt  Intel  1  Div,  R.  Mann 

ATTN 

DE,  Estimates 

ATTN 

DIA/VPA-2,  Fed  Res  Div 

ATTN 

DN 

ATTN 

DT 

ATTN 

DT,  Sci-Tech  Intel  1 

ATTN 

Ofc  of  Security 

ATTN 

OS 

ATTN 

OSIB 

ATTN 

RTS-2B 

ATTN 

RTS-2C,  Tech  Svcs  &  Spt 

5  cys  ATTN:  DB-4,  Rsch,  Resources  Div 

Defense  Intel  1  College 

ATTN:  DIC/RTS-2 

ATTN 

DIC-2C 

Defense  Logistics  Agency 

ATTN:  Command  Security  Ofc 

Defense  Nuclear  Agency 

ATTN 

CIO 

ATTN 

NASF 

ATTN 

NATF 

ATTN 

NAWE 

ATTN 

OAIS 

ATTN 

RAEE 

ATTN 

STNA 

ATTN 

STRA 

ATTN 

STSP 

2  cys  ATTN 

OAOP 

4  cys  ATTN 

STT1-CA 

216  cys  ATTN 

OPNS 

DOD  Salt  Task  Force 

ATTN:  Dir,  Nuc  Policy 


Field  Command,  Defense  Nuclear  Agency 


ATTN 

FCPR 

ATTN 

FCTT,  W.  Summa 

ATTN 

FCTXE 

ATTN 

Nuc  Security 

3  cys  ATTN 

FCPRT 

Intelligence  Ctr,  Pacific 

ATTN:  COMIPAC 

Interservice  Nuc  Wpns  School 

ATTN:  TTV 

2  cys  ATTN:  TTV  3416th  TTSQ 

Joint  Chiefs  of  Staff 

ATTN:  ED3C,  0-3,  Strat  Ops  Div 

ATTN 

GD10,  J-5,  Nuc  &  Chem  Div 

ATTN 

J-3,  Strat  Opns  Div 

ATTN 

0-5,  Strat  Div,  W.  McClain 

ATTN 

JAD/SFD 

ATTN 

JAD/SSD 

ATTN 

OSOA 

ATTN 

SAGA 

3  cys  ATTN 

J-3,  Special  Opns 

3  cys  ATTN 

J-5,  Nuc  Div/Strat  Div/FP&P  Div 

3  cys  ATTN 

J-5,  Plans  &  Plcy/Nuc  Chem  Div 

Joint  Data  System  Support  Ctr 

ATTN:  C-312 

ATTN 

C-332, 

ATTN 

C-343 

Joint  Strat  Tgt  Planning  Staff 

ATTN 

••  JLKS 

ATTN 

JIT 

ATTN 

JP 

ATTN 

JPPFD 

ATTN 

JPTP 

2  cys  ATTN 

JI.K,  DNA  Rep 

National  Defense  University 

ATTN 

ICAF,  Tech  Lib 

ATTN 

NWCLB-CR 

ATTN 

Stop  315,  Library 

ATTN 

Strat  Concepts  Div  Ctr 

National  Security  Agency 

ATTN 

A12,  F.  Newton 

ATTN 

Chief,  A  Group 

149 


DEPARTMENT  OF  DEFENSE  (Continued) 


DEPARTMENT  OF  THE  ARMY  (Continued) 


Ofc  of  the  Sec  of  Def ,  Net  Assessments 
ATTN:  Doc  Control 


Joint  Strategic  Opns  Ctr 
2  cys  ATTN:  J-2 
2  cys  ATTN:  J-5 


Program  Analysis  &  Evaluation 


ATTN:  Naval  Forces 

Military  Traffic  Mgt  Command 

2  cys  ATTN:  Regional  Programs 

ATTN:  Ofc  of  Security  &  Safety 

2  cys  ATTN:  Strategic  Programs 

Seneca  Army  Depot 

US  European  Command 

ATTN:  Provost  Marshal 

ATTN:  ECJ-LW 

ATTN:  SDSSE-PO 

ATTN:  ECJ-2 

ATTN:  Surety 

ATTN:  ECJ-2-ITD 

ATTN:  ECJ-3 

Sierra  Army  Depot 

ATTN:  ECJ-5 

ATTN:  Security  Opns 

ATTN:  ECJ5-N,  Nuc  Div 

ATTN:  ECJ-6 

Southern  European  Task  Force 

ATTN:  ECJ2-T,  Tgts  Div 

ATTN:  AESE-GCT-S 

2  cys  ATTN:  ECCS/SASM 

2  cys  ATTN:  ECJ-7  LW 

US  Army  Air  Defense  School 

ATTN:  Commandant 

US  National  Mil  Representative,  SHAPE 

ATTN:  US  Documents  Officer 

US  Army  Armament  Rsch  Dev  S  Cmd 

2  cys  ATTN:  DRDAR-LCN-F 

Under  Sec  of  Def  for  Policy 

ATTN:  DUSP/P 

US  Army  Armor  School 

ATTN:  USD/P 

ATTN:  ATSB-CTD 

ATTN:  Tech  Library 

Under  Secy  of  Def  for  Rsch  &  Engrg 


ATTN: 

Tactical  Warfare  Prog 

US  Army  Ballistic  Research  Lab 

ATTN: 

Chairman,  Def  Sei  Brd 

ATTN: 

AMXBR-VLD,  Dr.  Klopcic 

ATTN: 

Strat  &  Space  Sys  (OS) 

ATTN: 

DRDAR-BL 

ATTN: 

Strat  S  Theater  Nuc  Forces,  F.  Vajda 

ATTN: 

DRDAR-RLA-S,  Tech  Lib 

2  cys  ATTN: 

C3J 

ATTN: 

DRDAR-BLT 

10  cys  ATTN: 

Chairman,  PSEA6 

ATTN; 

DRDAR-BLV-R,  Dr.  Rainis 

DEPARTMENT  OF  THE  ARMY 

Army  Research  Institute 
ATTN:  Commander 

HMD  Program  Office 

ATTN:  QACS-BH,  J,  Kahlas,  13101  . 

Combat  Material  Eval  Clement 
ATTN:  Security  Analyst 

Oep  Ch  of  Staff  for  Ops  A  Plans 

ATTN:  OAHO-NC,  Nuc  ChemOir 

ATTN:  DAMO-NCM 

ATTN:  DAMO-RQS  -  '  : 

ATTN:  OAMQ-ZXA  " 

Oep  Ch  of  Staff  for  Rsch,  Dev  &  Acq  -• 
ATTN:  OAMA“CSS'N 

Dept  of  the  Amy 

ATTN:  DAMA-CSS-N 
ATTN:  I)AHl*Ct 
'••••-  '  ATTN:  OAHlHia 
-  r  AHN:  03i-0t) 

ATTN:  DANO-OOSO 
,  .  :.'3  cys  ATTN:  OAPCrimt 

-  US 

ATTN:  CJ-WX-NS 

Harry  Ukwmmi  laboratories 
-Vv  ATTNT  MHO«KW*P 
'  ATTN:  tu:iHO-TA»l,  01100.  Tech  Lib. 


US  Army  Del  voir  R&D  Ctr 
ATTN:  DRCPN-PSE 

US  Army  Comb  Arms  Combat  Dev  Acty 

-  ATTN:  ATZL-CAP 

US  Army  Comtl  &  General  Staff  College 
ATTN:  Acq  Library  Div 
ATTN:  ATSW-TA-!) 

•  ATTN:  ATZl-SWJ-CA 
ATTN:  ATZL-SWS-L,  D.  Dorris 

US  Army  Concents  Analysis  Agency 
ATTN:  CSSA-ADL,  Tech  Lib 

US  Army-  Corps  of  Engineers 

ATTN:  Security  S  Law  Enforcement 

US  Army  Criminal  Investigation  Cmd 
ATfN:  fejawander 

US  Arty  El«  Warfare  tab 

AHN:  DfUW-5-S  • 

US  Army  f  lftrcnic  Proving  Ground. 

ATTN:  STEEP-PA*! 

US  Army  Europe  A  Seventh  Amy 
ATTN:  At'Af.C'iiO 
AtTN:  ACA8C 
ATTN;  .-iVavest  Marshal 

2  cys  ATTN;  ALAGO-MM-SW  ,  --: 

2  cys  ATTN:  AV.WUPS 

2  cyt  ATTN:  DCSI 

2  cys  ATTN:  OCSOPS 
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DEPARTMENT  OF  THE  ARMY  (Continued)  . 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CD 

US  Army  Forces  Command  - 
ATTN:  AF-OPTS 

US  Army  Human  Engineering  Lab 
ATTN:  Director 

US  Army  Infantry  Ctr  &  Sch 
ATTN:  ATSH-CD-CSO 

US  Army  Intal  Threat  Analysis  Det 
2  cys  ATTN:  IAX-Z 

US  Army  Intelligence  Agency 
ATTN:  PELEN-I 

US  Army  Material  Cmd 
2  cys- ATTN:  ORCPM-NUC 

US  Army  Material  Command 
ATTN;  DRCDE-D 
2  cys  ATTN:  DRC.NC 

2  cys  ATTN:  DRCSS 

US  Army  Materiel  Sys  Analysis  Actvy 
•  ATTN:  -DRXSV-DS 

ATTN;,  ORXSY-S-  -- 

US  Army  Military  Police  School 
2  cys  ATTN:  ATZN-MPr. Library 

2  cys  ATTN;  ATZN-MP-TO  :.,•  \: 

2  cys  ATTN:  Commandant  -  ' 

2  cys  ATTN:  Pbys  Scty  GdirmiUoe 

US  Army  Nuc  &  Cham  Agency 
ATTN:  Library  ' 

US  Army  TRADOt  Sys  Analysis  Actvy  A  , 

ATTN;  .ATAA-TAC  v,.- 

US  Army  Training  &  Doctrine  Command  ' 

•ATTN:  ATCD'AO 

ATTN:  ATCD-fA  . 

ATTN:  AYCO-N,  Cbt  Stev,  Nuc-Dir  ' 

ATTN:  ATOU-NCO  C ■ : 

US  Army  War  College 

ATTN:  Library  .  -V  '•  \ 

2  cys  ATTN:  Strategic  Studies  ;  v 

US  Military  Academy 

ATTN:  Dept  of  Behavarial  $ei  S  leadership  .. 
ATTN:  Dir  Natl  Security: Studies 
ATTN:  Oir  of  Libraries  , 

USA  Military  Academy 

ATTN:  Ooc  Library 

USA  Hi sslU*  Command 

ATTN:  ORSHi -XT' 

USA  Nuclear  Siloing  ica l  &  Chemical  School 
ATTN:  library 

V  Corps 

'  ATTNt.-Coisaander 

ATTN:  0*3 


DEPARTMENT  OF  THE  ARMY  (Continued! 

VII  Corps 

.ATTN:  G-3 

1st  Special  Operations  Cmd 

ATTN:  AFVS-6C-0,  Maj  Ogden 

59th  Ordnance  Brigade 
ATTN:  AEUSA-Z 
ATTN:  Surety 

DEPARTMENT  OF  THE  NAVY 

Carrier  Airborne  Early  Warning  Wing  12 
ATTN:  Coirtnander 

Carrier  Group  1 

ATTN:  Commander 

Carrier  Group  2 

ATTN:  Commander 

Carrier  Group  3 

ATTN:  Commander 

Carrier  Group  4 

ATTN:  C  oi  wander 

Carrier  Group  5 

ATTN:  Commander 

Carrier  Group  6 

ATTN:  Commander 

•Carrier  Group  7 
•.-"'  ATTN:  Commander 

.Carrier  Grbup  B 

ATTN:  Comnamler 

Crtiiser-Dosipoyer  Grgup  One 
:  ATTN:;,  Commander '  V*'. 

Cruiser-Destroyer  Group  12 
. ATTN: :  Conm-jrtder 

Ciulscr-Destroyer  Group  2  ■*>•;. 

ATTN:’  Commander  a..; 

Ciuiier-Destroyer  Group  3  a:  V- 

/:  ATTN;  Commander  \  ;V  ‘v.. 

^  Cruiser-Destroyer  tii  oup  S  ' •'.<» 

ATTN:  Coraiamter  \ 

Cruiser-itestrbyer  Group  Si 
■„••  ATTN:  Commander  ^ 

David  Taylor  Naval  Ship  R$U  ctr  • 

ATTN:  Coup.  174  , 

Fighter  Airborne  Early  Warning  wing,  us  Pacific  Ttee 
ATTN:  Commander 

fighter  wing  l 

ATTN;.  Commander 

fleet  Intel  licence  Center,  Pacific 
ATTN:  fiCPAe,  Code  2 l 
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Fleet  Intelligence  Ctr,  Europe  &  Atlantic 
ATTN:  Library 

Naval  Material  Command 
■  ATTN:  MAT  0433 
ATTN:  MAT-0462 
ATTN:  PH-23 

Light  Attack  Wing,  US  Pacific  Fleet 
ATTN:  Commander 

Light  Attack  Wing  1 

ATTN:  Commander 

Marine  Corps 

ATTN:  Code  PPO 

Marine  Corps  Oev  &  Education  Command 
ATTN:  Commander 

Medium  Attack  Tactical  Electronic  Warfare  Wing 

US  Pacific  Fleet 

ATTN:  Commander 

Medium  Attack  Wing  1 

ATTN:  Commander 

Naval  Air  Force.  US  Atlantic  Fleet 
ATTN:  Commander 

Naval  Air  Force,  US  Pacific  Fleet  ' 

ATTN:  Commander  • 

Naval  Electronic  Sys  Engineering  Center 
ATTN:  Code  04  \  . 

ATTN:  Code  4Q4HS 

Naval. Facilities  Engineering  Command 
ATTN:  Code  Q32E 

Naval  Intelligence  Support  Ctr 
ATTN:  N l SC- 30 

Naval  Investigative  Svcs 
:ATTN:  HISHC-22A 
ATTN:  NOP-OQ9D 
ATTN:  009/N1S/243 

Naval  Ocean  Systems  Center 

ATTN:  Code  4471*  Tech  Lib 

Naval  Personnel  Res  5  (lev  Ctr 
ATTN:  Code  P302 

Naval  Postgraduate  School 

AT  Til:  Code  1424,  Library 

\ 

Naval  Research  Laboratory. 

ATTN;  COde  1240 

ATTN:  Code  262?,  Tech  Lib 

Naval  Sea  Systems  Coswand 
ATTN:  8EA-09CS3,  Ub 
ATTN;  St'A-643 

Navai  Surface  Force,  US  Atlantic  Fleet 
ATTN:  Cowaander 

Naval  Surface  Force,  US  Pacific  Fleet 
•  ATTN;  Coaaander 


Naval  Surface  Weapons  Center 
ATTN:  Code  F31 
ATTN:  G,  GOO 

Naval  War  College 

ATTN:  Code  E-ll,  Tech  Svc 
ATTN:  Ctr  for  Nav  Warfare  Studies 
ATTN:  Hoc  Control 
ATTN:  Library 
ATTN:  Strategy  Dept 

Naval  Weapons  Evaluation  Facility 
ATTN:  Tech  Director 

Nuc  Wpns  Tng  Group,  Atlantic 
ATTN:  Code  222 
ATTN:  Doc  Control 

Nuclear  Weapons  Tng  Group,  Pacific 
ATTN:  Code  32 
ATTN:  Doc  Control 

Ofc  of  the  Dep  Ch  of  Naval  Ops 
ATTN:  NIS-22 
ATTN:  NOP  CC9D 
ATTN:  NOP  CC9D3 
ATTN:  NOP  C60 

ATTN:  NOP  SO,  Avn  Pins  &  Rqmts  Dev 
ATTN:  NOP  60 
ATTN:  NOP  600 
ATTN:  NOP  603 

ATTN:  NOP  654,  Strat  Eval  &  Analysis  Hr 
ATTN:  NOP  91 
ATTN:  NOP  955,  AW)  Div 
ATTN:  NOP  981 
2  cys  ATTN:  NOP  403 

Ofc  of  Naval  Research 
ATTN:  Code  713 

CNQ  Exec  Panel ,  Ofc  of  the  Ch  of  Naval  Opns 
ATTN:  QP-OOK 

Operational  Test  &  Eval  Force 
ATTN:  Commander 

Operational  Test  &  Eval  Force,  Pacific 
ATTN:  Dep  Commander 

Dep  Ch  of  Staff,  Plans,  Policy  S  Opns 
ATTN:  Codo-P 
ATTN:  Code-P0C-30 

:  Space  &  Naval  Warfare  Systems  ou 
ATTN:'  PHL  121-3 

Strategic  Systems  Programs,  PH-1 
•  ATTN:  Code  SP113 

Submarine  Force,  US  Atlantic  Fleet 
ATTN:  Ccwttunder 

.  ScbisaVine  force,  US  Pacific  Fleet 
ATTN:  Coawander 

Submarine  Group  2 

ATTN:  Commander 

Submarine  Grout)  5 

ATTN:  Coocunder 


DEPARTMENT  OF  THE  NAVY  (Continued) 

Submarine  Group  6 

ATTN:  Commander 

Submarine  Group  7 

ATTN:  Commander 

Submarine  Group  8 

ATTN:  Commander 

Submarine  Group  9 

ATTN:  Commander 

Tactical  Tng  Gp,  Pacific 
ATTN:  Commander 

Tactical  Wings  Atlantic 
ATTN:  Commander 

Commander  in  Chief,  US  Atlantic  Fleet 
ATTN:  J2 

ATTN:  Physical  Security 
ATTN:  Plans  &  Operations 

Commander  in  Chief,  US  Naval  Forces,  Europe 
ATTN:  N54,  Nuc  Warfare  Officer 
ATTN:  Special  Qpns 

US  Navy  Second  Fleet 

ATTN:  Commander 

US  Navy  Seventh  Fleet 
ATTN:  Commander 

US  Navy  Sixth  Fleet 

ATTN:  Commander 

US  Navy  Third  Fleet 

ATTN:  Commander 

Commander  in  Chief,  US  Pacific  Fleet 
ATTN:  J-Z 

ATTN:  Physical  Security 
ATTN:  Plans  &  Opns 

DEPARTMENT  OF  THE  AIR  FORCE 

Aeronautical  Systems  Division 
ATTN:  XRO/NAF 

Air  Foreo 

ATTN:  1NA 

Air  Force 

ATTN:  INT 

Air  Force  logistics  Command 
ATTN:  Security  Police 

Air  Force  flfc  of  Special  Investigations 
ATTN:  JVS 

Air  Force  Office  of  Security  Police 
2  cys  ATTN:  AFOSP/SPPC 
2  cys  ATTN:  Al'OSP/SPPX 
2  cys  ATTN:  SPOS-SPPC 

Air  Force  Systems  Coauaml 
ATTN:  Dl 
ATTN:  SO 

ATTN:  Security  Police 
ATTN:  XR 


DEPARTMENT  OF  THE  AIR  FORCE  (Continued) 

Air  Force  Weapons  Laboratory 
ATTN:  SUL 

Air  Training  Command 

ATTN:  Security  Police 

Air  University 

ATTN:  AU/SP 

ATTN:  Strategic  Studies 

Air  University  Library 
ATTN:  AUL-LSE 
ATTN:  Library 

Assist  Ch  of  Staff,  Studies  &  Analysis 

2  cys  ATTN:  AF/SAMI,  Tech  Info  Div 

Assist  Ch  of  the  Air  Force,  Rsch,  Dev  &  Logistics 
ATTN:  SAF/ALR 

Dep  Ch  of  Staff,  Rsch,  Dev  &  Acq 
ATTN:  AF/RDQI 

Dep  Ch  of  Staff,  Plans  &  Opns 
ATTN:  AFXOOIR 

ATTN:  AFXOXFM,  Pins,  Frc  Dev  Mun  Pins 
ATTN:  AFXOXFS,  Frc  Dev,  Strat  Off  Frc 

Electronic  Systems  Division 

3  cys  ATTN:  Physical  Security  Sys  Directorate 

Foreign  Technology  Division 
ATTN:  CCN 
ATTN:  SDN 
ATTN:  TQTH 

Military  Airlift  Command 

ATTN:  Security  Police 

Commander  in  Chief,  Pacific  Air  Forces 
ATTN:  Security  Police 
ATTN:  XP 

Space  Command 

ATTN:  Security  Police 

Space  Division  . 

ATTN:  YH,  DSCS  111 

-  Strategic  Air  Command 

ATTN:  Security  Police 
ATTN:  AOUN 
.  ATTN:  NRI/STINFO 
■  ATTN:  SPD 
ATTN:  STie,  S44SIW 
ATTN:  XOXO 
ATTN:  XI'Q 
ATTN:  XP2 

Tactical  Air  Command 

ATTN:  Security  Police 
ATTN:  TAC/XPJ  ; 

ATTN:  TAC/XPS 

US  Air  force  Academy,.  '  ■  ’ 

ATTN:  .Library 

ATTN:  Strategic  Studies  ' 

ATTN:  USAFA/SP 

US  Air  Force  in  Europe 

2  cys  ATTN:  USAFC/SP 
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DEPARTMENT  OF  THE  AIR  FORCE  (Continued) 

US  Air  Force  Inspector  General 

3  cys  ATTN: 

IGS 

3  cys  ATTN: 

IGT 

US  Air  Forces 

in  Europe 

ATTN: 

USAFE/DEX 

ATTN: 

USAFE/DOT 

ATTN: 

USAFE/INAT 

ATTN: 

USAFE/XPX,  Pins 

USAF  School  of  Aerospace  Medicine 

ATTN:  Radiation  Sciences  Div 


USAF  Special  Operations  School 
ATTN:  Director 

1st  ACCS 

ATTN:  DOF 

2iid  ACCS 

ATTN:  Doc 

3280th  Tech  Training  Sq 
ATTN:  TG1CC 

DEPARTMENT  OF  ENERGY 

Department  of  Energy 
Albuquerque  Operations  Office 
ATTN:  CTID 
ATTN:  D.  Richmond 

Department  of  Energy 

Office  of  Mil  Application,  GTN 
ATTN:  QHA,  DP-22 

Department  of  Energy,  GTN 

ATTN:  Ofe  of  Intelligence 
ATTN:  OMA,  DP-22 
ATTN:  Safeguards  &  Security 
ATTN:  Tech  &  Intel  1  Dir 

University  of  California,  Lawrence  Livermore  Natl  Lab 
ATTN:  L-35 
ATTN:  L-30 
ATTN:  L-389 
ATTN:  L-4SQ,  W.  Hogan 
.  ATTN:  Tech  info  Dept  Lib 
ATTN:  Z  Division  Library 

Los  Alamos  National  Laboratory 
ATTN:  M/S634,  T.  Oowler 
ATTN:  MS  P354,  Reports  Library 
ATTN:  R  Sandoval 

Samlfa  National  Laboratories 
-  ATTN:  Tech  Lib,  3141 
ATTN:  0333,  R.  Stratton 
ATTN:  0334,  J.  Struve 

OTHER  GOVERNMENT  AGENCIES 

Bureau  of  A1  .ohol ,  Tobacco  h  Firearms 
;  ATTN:  Chief  Special  Opns  Div 

US  Dept  of  State,  Bureau  of  Politico  Mil  Affairs 
ATTN:  PH/STH 

Committee  on  Armed  Services 

ATTN:  Staff  Dir  &  Chief  Counsel 


OTHER  GOVERNMENT  AGENCIES  (Continued) 

Central  Intel!  Agency 

ATTN:  Counter-Terrorist  Group 
ATTN:  Dir  of  Security 
ATTN:  Medical  Svcs 
ATTN:  NIO-T 

ATTN:  NIO,  Strategic  Sys 
ATTN:  Ofc  of  Global  Issues 
ATTN:  R&D  Sub  Committee 
ATTN:  Security  Committee 
ATTN:  Tech  Library 

Federal  Aviation  Admin 

ATTN:  Dir  of  Civil  Aviation  Security 

Federal  Bureau  of  Invest  Academy 
ATTN:  Behavioral  Rsch  Unit 

2  cys  ATTN:  Library 

Federal  Bureau  of  Investigation 

3  cys  ATTN:  Terrorist  Rsch  &  Analytical  Ctr 

Federal  Emergency  Management  Agency 

ATTN:  Asst  Assoc  Dir  for  Rsch,  0,  Kerr 
ATTN:  Civil  Security  Division 
ATTN:  G.  Orrell ,  MP-CP 
ATTN:  Ofc  of  Rsch/NP,  D.  Benson 

General  Svcs  Administration 
ATTN:  PS 

House  Perm  Select  Committ  on  Intel  1 
ATTN:  Staff  Director 

Interpol,  US  Natl  Central  Bureau 
ATTN:  Chief 

Metro  Transit  Police 
ATTN:  Chief 

Notional  Bureau  of  Standards 
ATTN:  Law  Enforcement 

Dept  of  Commerce,  Natl  Bureau  of  Standards 
ATTN:  Tech  A219 

Natl  Criminal  Justice  Reference  Sve 
2  cys  ATTN:  D.  Galarraga 

Select  Committee  on  Intelligence 
ATTN:  Staff  Director 

Subcommittee  on  Sec  S  Terrorism 

ATTN:  Chief  Counsel,  Staff  Dir 

US  Capitol  Police 
ATTN:  Chief 

l)S  Coast  Guard 

ATTN:  Port  &  Environment  Safety 

US  Coast  Guard  Academy 
ATTN:  Library 

US  Dept  of  State 

ATTN:  A/SV/CC/TAG 
ATTN:  A/SV/OASS 
ATTN:  A/SY/0P/T 
ATTN:  I'AtM/I.R 
ATTN:  M/NEO 
2  cys  AITNs  M/CTP 
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OTHER  GOVERNMENT  AGENCIES  (Continued) 

US  Nuclear  Regulatory  Commission 

ATTN:  Dir  Div  of  Safeguards 
ATTN:  Ofc  of  Insp  &  Enforcement 

US  Park  Police 

ATTN:  Chief  of  Police 

DEPARTMENT  OF  DEFENSE  CONTRACTORS 

Advanced  International  Studies  Institute 
ATTN:  M.  Harvey 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued!' 

Martin  Marietta  Corp 

ATTN:  F.  Marion 

Martin  Marietta  Denver  Aerospace 
ATTN:  J.  Donathan 

National  Institute  for  Public  Policy 
ATTN:  C.  Gray 

Orion  Research  Inc 

ATTN:  J.  Scholz 


Advanced  Rsch  &  Applications  Corp 
ATTN:  Doc  Control 

Aerospace  Corp 

ATTN:  Library 

Analytical  Assessments  Corp 
ATTN:  A.  Wagner 

BDM  Corp 

ATTN:  C.  Wasaff 
ATTN:  J.  Bode 
ATTN:  0.  Braddock 
ATTN;  J.  Conant 
ATTN:  K.  Buchanan 

Boeing  Co 

ATTN:  MS-B5-20,  D.  Choate 
ATTN:  MS-85-20,  J.  Russel 

Computer  Sciences  Corp 

ATTN:  F.  Eisenbarth 

Data  Memory  Systems,  Inc 
ATTN:  T.  Cupuy 

Grumman-CTEC,  Inc 

ATTN:  S.  Shrier 

Horizons  Technology,  Inc 
ATTN:  J.  Palmer 

I  IT  Research  Institute 
ATTN:  Doe  library 

Institute  for  Defense  Analyses 
ATTN:  Classified  Library 
ATTN:  J,  Grata 

IRT  Corp 

ATTN:  U.  Maekltn 

JAVCOR 

ATTN:  «.  Sullivan 

Raman  Sciences  Coro 

ATTN:  F,  Shelton 

Raman  Sciences  Con* 

ATTN:  t\  Conrad 
ATTN:  E.  Daugs 

Ka*in  Tempo 

ATTN:  DAS 1 AC 

Kaaun  Tempo 

ATTN:  0AS1AC 


Pacific-Sierra  Research  Corp 

ATTN:  H.  Brode,  Chairman  SAGE 
2  cys  ATTN:  A.  Glickman 
2  cys  ATTN:  B.  Morgan,  Jr 
2  cys  ATTN:  P.  Winne 
2  cys  ATTN:  R.  Moe 


Pacific-Sierra  Research  Corp 
ATTN:  D.  Gormley 

R&D  Associates 

ATTN:  C.  Lee 
ATTN:  C.  Knowles 
ATTN:  D.  Simons 
ATTN:  E.  Carson 
ATTN:  F.  Field 
ATTN:  P.  Haas 
2  cys  ATTN:  Ooc  Control 


R&D  Associates 

ATTN:  A.  Deverill 
ATTN:  J.  Thompson 
ATTN:  K.  Moran 
ATTN:  W,  Graham 


Rand  Corp 

ATTN:  P.  Davis 
ATTN:  V.  Jackson 

2  cys  ATTN:  Security  &  Subnotion  Conflict 

Rand  Corp 

ATTN:  D.  Bennett 


Rockwell  International  Corp 
ATTN:  J.  Hows 


S-CUBEO 

ATTN:  K,  Pyatt 


Science  Applications  Inti  Corp 
ATTN:  Document  Control 
ATTN:  E.  Swiek 
ATTN:  J,  Boyster 
ATTN:  J.  Martin 
ATTN:  J.  Warner 
ATTN:  H.  Drake 


Science  Applications  Inti  Corp 
ATTN:  H.  Dennett 
ATTN:  Document  Control 
ATTN:  J.  foster 
ATTN:  J,  Peters 
ATTN:  J,  Shannon 
ATTN:  L.  Goure 
ATTN:  M,  Fine berg 
ATTN:  W.  Layton 

Science  Applications  lntl  Corp 
ATTN:  fc.  Haul 
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DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Science  Applications,  Inc 
ATTN:  R.  Craven 

SRI  International 

ATTN:  R.  Tidwell 

SRI  International 

ATTN:  C.  Hulburt 

Systems  Research  &  Applications  Corp 
ATTN:  S.  Greenstein 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Tetra  Tech,  Inc 

ATTN:  F.  Bothwell 

TRW  Electronics  &  Defense  Sector 
ATTN:  D.  Scally 
ATTN:  N.  Lipner 
ATTN:  R.  Burnett 

TRW  Electronics  &  Defense  Sector 
ATTN:  P.  Dai 


